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SURGICAL 
PROCEDURES: 


THE ALFENTA 
ADVANTAGE 


*As with all potent oploids, 
appropriate postoperative 
monitoring should be employed 
to ensure that adequate 
spontaneous breathing Is 
established and maintained. 
The duration and degree of 
respiratory depression and 
increased alrway resistance 
usually Increase with dose, but 
have also been observed at 
lower doses. Because of the 
possibility of delayed respiratory 
depression, monitoring of the 
patient must continue well 
after surgery. 


Before prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 
DESCRIPTION: ALFENTA is a sterile, non-pyrogenic, preservative free aqueous solution containing alfentanil 
hydrochloride at to 500 pg per ml of alfentanil base for intravenous injection. The solution, which contains 
sodium chloride for isotonicity, has a pH range of 4.0-6.0. 
CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known hyper- 
sensitivity to the erug, 
WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY EFFECTS OF 
POTENT OPIOIDS. AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD 
BE READILY AVAILABLE. BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING 
OF THE PATIENT MUST CONTINUE WELL AFTER SURGERY. ALFENTA (alfentanil hydrochloride) administered in 
initial dosages up to 20 pg/kg may cause skeletal muscle rigidity, mee: of the truncal muscles. The incidence 
and severity of muscle rigidity is usually dose-related. Administration of ALFENTA at anesthetic induction dosages 
(above 130 pg/kg) will consistently produce muscular rigidity with an immediate onset. The onset of muscular 
rigidity occurs earlier than with other opioids. ALFENTA may produce muscular rigidity that involves all skeletal 
muscles, including those of the neck and extremities. The incidence may be reduced by: 1) routine methods of 
administration of neuromuscular blocking agents for balanced opioid anesthesia: 2) administration of up to '/ of the 
full see ees dose of a neuromuscular blocking agent just prior to administration of ALFENTA at dosages up to 
130 pg/kg; following loss of consciousness, a full paralyzing dose of a neuromuscular blocking agent should be 
administered; or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking 
oe ALFENTA is used in rapidly administered anesthetic dosages (above 130 g/kg). The neuromuscular 
blocking agent used should be appropriate for the patient's cardiovascular status. Adequate facilities should be 
available for postoperative monitoring and ventilation of patients administered ALFENTA. It is essential that these 
facilities be ay equipped to handle all degrees of he ig depression. 
PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
el oy ae HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly and 
debilitated patients. The effect of the initial dose should be considered in determining supplemental doses. In obese 
patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be determined on the basis 
of lean body weight. In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by 
appearance of delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients. 
In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA may be 
reduced and postoperative recovery may be prolonged. induction doses of ALFENTA should be administered slowly 
(over three minutes). Administration may produce loss of vascular tone and hypotension. Consideration should be 
pa to fluid eae prior to induction. Diazepam administered immediately prior to or in conjunction with 
igh doses of ALFENTA may produce vasodilation, hypotension and result in delayed recovery. Bradycardia produced 
by ALFENTA may be treated with atropine. Sevare bradycardia and asystole have been successfully treated with 
atropine and conventional resuscitative methods. The hemodynamic effects of a particular muscle relaxant and the 
degree of skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking 
spent Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. Administration of ALFENTA infusion 
should be discontinued at leas 10-15 minutes prior to the end of surgery. Respiratory depression caused by opioid 
analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory depression 
produced by ALFENTA may last longer than the duration of the opioid antagonist action, appropriate surveillance 
should be maintained. As with all potent opioids, profound analgesia is accompanied by respiratory depression and 
diminished sensitivity to CO, stimulation which may persist into or recur in the postoperative period. Intraoperative 
hyperventilation may further alter postoperative response to CO3. Appropriate py ob monitoring should be 
employed, particularly after infusions and large doses of ALFENTA, to ensure that a equate spontaneous breathing 
is established and maintained in the absence of stimulation prior to discharging the patient from the recovery area. 
Head Injuries: ALFENTA oy obscure the clinical course of patients with head injuries. 
impaired Respiration: ALFENTA should be used with caution in patients with ageing disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled 
respiration. 
Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA. 
Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular effects may 
be enhanced when ALFENTA is administered in combination with other CNS depressants such as barbiturates, 
tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory ay sh pa may be enhanced or 
Peachy by these agents. In such cases of combined treatment, the dose of one or both agents should be reduced. 
imited clinical experience indicates that requirements for volatile inhalation anesthetics are reduced by 30 to 50% 
for the first sixty (60) minutes following ALFENTA induction. The concomitant use of erythromycin with ALFENTA 


can significantly inhibit ALFENTA clearance and may increase the risk of prolonged or delayed respiratory depression. 


Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma clearance 
and prolong need 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of ALFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in temale rats and the dominant lethal 
test in female and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg (approximately 
40 times the upper human ae) produced no structural chromosome mutations or induction of dominant lethal 
mutations. The Ames Salmonella panunu metabolic activating test also revealed no mutagenic activity. 
Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects could have been due 
to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration of 
the drug. No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 
There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 

Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. Placental 
transfer of the drug has been reported; therefore, use in labor and delivery is not recommended. 


Alfenta 


(alfentanil HCI) Injection @ 


For moment-to-moment 
control of stress responses 


RAPID ONSET 


Rapidly blocks sympathetic 
responses to induction 
and intubation 


SHORT DURATION 


Results in quick recovery 
of consciousness* 


RAPID RECOVERY 


Postoperative respiratory 
depression is of short 
duration* 





Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, significant levels of 
ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no detectable 
levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a nursing woman. 
Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not presently 
available. 

ADVERSE REACTIONS: The most common adverse reactions, soy erty depression and skeletal muscle rigidity, 
are extensions of known aier ae effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS and 
PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. Delayed respirato 
depression, respiratory arrest, bradycardia, asystole, arrhythmias and hypotension have also been reported. The 
reported incidences of adverse reactions listed in the following table are derived from controlled and open clinical 
trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved treatment comparisons 
with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. incidences are based on disturbing and 
nondisturbing adverse reactions reported. The comparative incidence of certain side effects is influenced by the 
type of use, e.g., chest wall rigidity has a higher reported incidence in clinical trials of alfentanil induction, and by 
the type of surgery, e.g., nausea and vomiting have a higher incidence in patients undergoing gynecologic surgery. 


ALFENTA hae Thiopental Sodium Enflurane Halothane Saline Placebo" 


Percent (N=785) (N=24 (N=66) (N=55) (N=18) (N= 18) 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 9 13 17 
Cardiovascular 
Bradycardia 14 7 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 7 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 0 0 0 0 
Rigidity 
Skeletal Muscle 6 2 6 2 0 0 
Movements 
Respiratory 
Apnea 7 0 0 0 0 0 
Postoperative 2 2 0 0 0 0 
Respiratory 
6 Depression 
Dizziness 3 5 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


*From two clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 
healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: Laryngospasm, bronchospasm, 
postoperative confusion, headache, cette postoperative euphoria, hypercarbia, pain on injection, urticaria, and 
itching. Some degree of skeletal muscle igi ity should be expected with induction doses of ALFENTA. 

DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule II controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for a abused. 
OVERDOSAGE: Overdosage would be manifested a vps of the se ie ate actions of ALFENTA — 
(alfentanil hydrochloride tas CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. No experience of 
overdosage with ALFENTA was reported during clinical trials. The intravengus LDgo of ALFENTA is 43.0-50.9 mg/kg 
in rats, 72.2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in a pigs and 59.5-87.5 mg/kg in dogs. Intravenous adminis- 
tration of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preciude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular ri idity, a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents may 
be required to manage hemodynamic instability. eet ee 
DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (alfentanil hydrochloride) should be individualized in 
each patient according to body weight, physical status, underlying pathological condition, use of other drugs, and 
type and duration of surgical proce ure and anesthesia. In obese patients (more than 20% above ideal total body 
weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of ALFENTA 
should be reduced in elderly or debilitated patients igas PRECAUTIONS). Vital signs should be monitored routinely. 
Protect from light. Store at room temperature 15°-30° C (59°-86° F). 
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For years, clinicians have relied on cotton warmed with Bair Hugger® Therapy, recovery 
blankets and other ineffective means to warm time is shortened by an average of 50 minutes! 
patients. Today, a compilation of data leads to a This translates to $106 per patient. 

staggering conclusion. The additional PACU 
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patient. In this era of DRG’s and PPO’s, this is an 
expense no hospital can afford. 


Only Bair Hugger® Therapy actively warms 
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patient care in this way. Monitor your patient’s 
temperature and treat patients with core 
temperatures of less than 36°C. What savings 
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tory diagnosis, and treatment of malignant hyperthermia prior to the start of any anesthetic, 
inan animal study in MH-susceptible swine (n=7}, the administration of ARDUAN® was not 
associated with the development of malignant hyperthermia. 
Central Nervous System: ARDUAN® has no known effect an consciousness, the pain 
oee ra or cerebration. Therefore, administration must be accompanied by adequate 
anesthesia. 
Drug Interactions: ARDUAN® can be administered following recovery from succinylcho- 
line when the latter Is used to facilitate endotracheal intubation. 

The use of ARDUAN® before succinykcholine, in order to attenuate some of the side effects 
of succinylchotine, Is not recommended because It has not been studied. 

There are no clinical data on concomitant use of ARDUAN® and other non-depolarizing 
neuromuscular blocking agents. 
inhalational An hes: Use of volatile inhalation anesthetics has been shown to 
enhance the activity of other neuromuscular blocking agents on the order of enflurane > 
isoflurane > halothane. No definite interaction between ARDUAN® and halothane, as used 
clinically has been demonstrated. Use of Isoflurane in one study of 25 patients resulted in an 
increase In mean clinical duration by 12%. In another study of 25 patlents first anesthetized 
with enflurane for 5 minutes or more, the mean clinical duration was Increased by 50%. 
Therefore, a prolonged clintcal duration following initial or maintenance doses and pro- 
longed recovery from neuromuscular blocking etfect of ARDUAN® should generally be antici- 
pated with enflurane > isoflurane > halothane. 
Antibiotics: Parenteral/intraperttoneal administration of high doses of certain antibiotics 
may intensify or neuromuscular block on thelr own. The following antibiotics have 
been assoc with various degrees of paralysis: aminoglycosides (such as neomycin, 
streptomycin, kanamycin, gentamicin, and dihydrostreptomycin); tetracyclines; bacttracin; 

n B; colistin; and sodtum colistimethate. 

1 Experience concerning Injection of quinidine during recovery from use of other mus- 
cle ralaxonts suggests thot recurrent paralysis may occur. This possibility must also be con- 
sklered for ARDUAN® ARDUAN® Induced neuromuscular blockade has been counteracted 
by alkalosis and enhanced by acidosis in mental animals {cat}. in addition, experience 
with other drugs has suggested that acute {eg, diarrhea} or chronic (eg, adrenocortical 
Insufficiency) electrolyte Imbalance may alter neuromuscular blockade. Since electrolyte 
imbalance and acid-base Imbalance are usually mixed, either enhancement or inhibition 
mery occur. Magnesium salts, administered for the management of toxemia of pregnancy, 
may enhance neuromuscular blockade. 


Drug/ Laboratory Test Interactions: None known. 
Carcinogenesis, fois sian Impairment of Fertility: Studies in animals have 
not been performed to evaluate carcinogenic potential or impairment of fertility Mutagenicity 
studies [Ames test, Sister Chromatid Exchange) conducted with ARDUAN® revealed no 
mutagenic potential. 
Sra an baraa ara oF ARC LENS Soora raro fhe nical dose hina 120. 
administe oses of ARDUAN® a e dink in humans 
g/kg). No teratogenic effects were saree An embryotox effect (secondary 
to maternal toxicity) was observed at the highest dose odministerad (50 pg/kg ) as demon- 
strated by an Increase In earlier fetal resorptions. There are no adequate and well-controlled 
studies In pregnant women. ARDUAN® should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 
Use in Obstetrics (cesarean section): There are insufficient data on placenta! transfer 
of ARDUAN® and possible related effectis} upon the neonate following cesarean section 
delivery In addition, the duration of action OAR RDUAN® exceeds the duration of 
obstetrics (cesarean section). Therefore, ARDUAN® Is not recommended for use in patlents 
undergoing C-section. 
Pediatric Uses Infants (3 months to 1 year) under balanced anasthesia (2 studies in 52 
infants), or hatothane anesthesia {1 study i 29 infants}, monifest similar dose response to 
ARDUAN® as do adults on a pg/kg ABW benis. Children {1 to 14 years} under balanced 
anesthesic {4 studies in 57 children}, or halothane anesthesie (2 studies in 29 children), may 
be less sensitive than adults. These conclusions come from studies Involving titrati eat 
response by the incramental method to approxdmately 1.2 times ED,,. There ara no 
either onset time or clinical duration of larger doses in infants or children. There are no doto 
on maintenance dosing in infants and children, Pharmacokinetic studies In infants and chi- 
dren have not been performed, therefore no pharmacokinetic modeling of Incremental dos- 
ing can be attempted. The use of ARDUAN® in neonates and infants below 3 months of age 
has not been Investigated. Antagonism has not been systematically studied In Infants or chil- 
dren. However, od clinical doses of neostigmine administered ng significant levels 
of spontaneous recovery (recovery of T, to more than 50% of control] produced complete 
antagonism of residual neuromuscular block in less thon 10 minutes in the majority of cases. 


ADVERSE §: The most frequent side effect of non-depolarizing blocking 
agents as a class is an extension of the drug’s pharmacological action nd the time 
period needed for surgery and anesthesia. Clinical signs may vary from skeletal muscle 


weakness to profound and prolonged skeletal muscle paratysis resulting in resplratory insuffi- 
clency or apnea. This may be due to the drug's effect or Inadequate antagonism. 

The following listings are based upon U.S. clinical studies involving nearly 600 patients uti- 
ling a variety of premedicctions, varying lengths of surgical procedures, and various anes- 
thetic agents. 

Adverse experiences in greater than 1% of cases and judged by the investigator to hove o 
possible causal relationship: clinically significant hypotension (2.5% of cases); clintcally sig- 
nificant bradycardia (1.4% of cases). 

Adverse experiences in less than 1% of cases and judged by the investigator to have a 
possible causal relationship: 

Cardiovascular: hypertension, myocardial ischemia, cerebrovascular accident, thrombo- 
sis, atrial fibrillation, ventricular ext 

and Nutritional: increased creatinine, hypoglycemia, hyperkalemia. 
Musculoskeletal muscle atrophy difficult intubation. 
Nervous: hypesthesia, CNS depression, 
Respiratory: dyspnea, respiratory depression, laryngismus, atelectasis. 
Skin and Appendages: rash, urticaria. 
Urogenital system: anurio. 
HOW SUPPLIED: 10 mL vials containing 10 mg lyophilized pipecuronium bromide. Boxes 
of 6 (NDC 0052-0446-36). 
SMorage: 2°-30°C [34°-84°F}. Protect from light. 
After Reconstitution: When reconstituted with bacteriostatic water for Injaction, USP: 
CONTAINS BENZYL ALCOHOL, WHICH IS NOT INTENDED FOR USE IN NEWBORNS. 
Use within 5 days. May be stored at room temperature or refrigerated 

When reconstituted with sterile water for Injection or other compatible IV solutions: Refrig- 
erate vial. Use within 24 hours. Single use only. Discard unused portion. 
CAUTION: Federal law prohibits dispensing without prescription. 


REFERENCES 

1. Data on file. 

2. Foldes FF, Nogashima H, Nguyen HD, Duncalf D, Goldiner PL Neuromuscular and 
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p rocedures Common patient type 


Common patient type 
Obese Both adults and 
children 


For man Advantage of Tracrium Advantage of Tracrium 
No difference in 


Clinical response 


recovery from neuro- | unaffected by hepatic 
muscular blockade function? or patient 
between normal and age.” 


obese patients. ! 

















Total hip Renal surgery Neurosurgery Everyday 





replacement for trauma procedures 
Common patient type Common patient type Common patient type Common patient type 
Elderly women and Both adults and Both adults and Average 

men children children 





Advantage of Tracrium Advantage of Tracrium Advantage of Tracrium Advantage of Tracrium 


Recovery time Recovery time Effect unchanged by The same reasons 
unaffected by age.’ unaffected by renal concomitant anticon- Tracrium is ideal for 
dysfunction.” vulsant medications special patient types 
(phenytoin, carba- make it the choice for 
mazepine).*” everyday procedures. 
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TRACRIUM® INJECTION 


(atracurium besylate) 


Brief Summary 
This drug should be used only by adequately trained individuals familiar with its actions, characteristics, and 
hazards. 


INDICATIONS AND USAGE: Tracrium is indicated, as an adjunct to general anesthesia, to facilitate 
endotracheal intubation and to provide skeletal muscie relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known io have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT AND 
RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE (IMMEDIATELY AVAILABLE | 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION i 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH { 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE. DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. Tracrium 
has no known effect on consciousness, pain threshold, or cerabration. it should be used only with adequate 


® 
anesthesia, Tracrium injection, which has an acid pH, should not be mixed with alkaline solutions (e.g. barbiturate c 
solutions) in the same syringe or administered simultaneously during intravenous infusion through the same ; 
neadie. Depending on the resultant pH of such mixtures, Tracrium may be inactivated and a free acid may 
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be precipitated. Tracrium imection 10 mi multiple dose vials contain benzyl alcoho! Benzyl alcoho! has been 
associated with an increased incidence of neurological and other comprcations in newborn intants which 
are sometimes fatal. Tracrum Iniection § mL ampuls and 5 mL. single use viais do not contain benzy! alcohol. 
PRECAUTIONS: General: Although Tracriurm is a less potent histamine releaser than d-tubocurarine or 
metocuring, the possibinty of substantial histamine release in sensitive individuais must be considered. Speciai 
caution should be exercised in administering Tracrium to patients in whom substantial histamine release would 





anasthetic agents and succinyicholine are recognized as the principal pharmacologic triggering agents in age of clinically rele- 
MH-susceptibie patients: however, since MH can develop in the absence of established triggering agents, ; : 

the clinician should be prepared to recognize and treat MH in any patient scheduled for general anesthesia. i vant information on 1 
Reports of MH have been rare in cases in which Tracrium has been used. in studies of MH-susceptible animals ; the diagnosis and 

(swine) and in a chnical study of MH-susceptible patients, Tracrium did not trigger ihis syndrome. E 


be especially hazardous {e.g., patients with clinically significant cardiovascular disease) and in patients with ; Sra Nae p Ee EET ce ge 
any history {e.9.. severe anaphylactoid reactions or asthma) suggesting a greater risk of histamine . ; 
release, In these patients, the recommended initial Tracrium dose is lower (0.3 to 0.4 mg/kg) than for other he Journal of : 
patients and should be administered slowly ar in divided doses over one minute. Since Tracrium has no clinically : . ; : 
significant effects on hear rate in the recommended dosage range, it will not counteract the bradycardia produced : the American ; 
by many anesthetic agents or vagal stimulation. As a result, bradycardia during anesthesia may be more commen > 
sah cena thar vith pier muscle relaxants. E may have oe affects in patients with College of Car diology, ! 
myasthenia gravis, Eaton-Lamberi syndrome, or other neuromuscular diseases in which potentiation of JACC, is the leading : 
nondepoiarizing agents has been noted. The use of a peripheral nerve stimulator is especially important for f oy : i : 
assessing neuromuscular blockade in these Pavers oe precautions should be taken in patients journal In cardiology. 
with severe electrolyte disorders of carcinomatosis. Multinie factors in anesthesia practice are suspected : Yeti iC 5 ; i 
ol triggering malignant hyperthermia (MH), a potentially fatal hypermetabolic state of skeletal muscle. Halogenated JACC’s timely cover Í | 

$ 





arpaan aAa aen an a 


Resistance to nondapoianzing neuromuscular blocking agents may develup in burn patients. increased doses treatment of cardio- 
of nondepoilarizing muscle relaxants may be required in Bum patients and are dependent on the time elapsed i o Pona on 
since the burn injury and the size of the burn. The safety of Tracrium has not been established in patients vascular diseases has 


with bronchial asthma. Long-Term Use in Intensive Care Unit (ICU): Tracriun has been used to facilitate : ; pene nn ee 

mechanical ventilation in ICU patients. When there is a need for long-term mechanical ventilation, the benelits l made ita fav onte among 
to risk ratio of neuromuscular blockade must be considered. There is only limited information on the : cardiologists worldwide. ; 
elficacy and safety of Tracrium administered by long-term (days to weeks} intravenous infusion to facilitate W as 
mechanical ventilation in intensive care facilities. For Tracrium, as with other neuromuscular blocking agents hy not join the 
used in intensive care facilities, availabie evidence suggests that there is wide interpatient variability in dosage F NE q ai : 
requirements and that these requirements may change with time. Limited data suggest that Tracrium infusion thousands of your col | 








: ! Elsevier 
requirements may increase wih prolonged administration in the ICU, As with other neuromuscular blocking leagues who have os eae 
agents, itie information is avaiable on ihe plasma levels or clinical consequences of atracurium metabolites OPS CC: ESIE A SA P ESIA AEEA 
following long-term (days to weeks) infusion of Tracnum in the intensive care unt seffing, One melabolite made reading JACC a 
of atracurium. laudanosing, when administered alone to laboratory animais, has been associated with cerebral e =} ina? 
excitatory affects. Physiological effects of laudanosine in humans have not been demonstrated. The part of their regular routine. g , 
effects of hemodialysis, hemoperfusion and hemofifiration on plasma levels of atracurium and its metabolites Read the Journal of the American College of Cardiology 
are unknown. Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include: bach bands ae one oll we Poreinal 
enflurane; isoflurane: halothane: certain antibiotics, especially the aminoglycosides and polymyxins: | each month and you will find a superb collection of origina 
lithium, magnesium salts: procainamide: and quinidine. If other muscle relaxants are used during the | intag inical rew . ; : ditorialc ¢ 
same procedure, the possibility of a synergistic or antagonist effect should be considered. The prior articles, clinical TEMIR WS special reports, ang editorials at the 
Piel of succinyicholine does not ites the scl but quickens the onset = may merease | forefront of cardiovascular medicine. JACC’s comprehensive 
the depth, of neuromuscular blockade induced by Tracnum. Tracrium shoud not be administered umi a pahert i ` a o T RS ee ‘ ee a he 
has recovered from succinyicholine-induced neuromuscular blockade. Carcinogenesis, Mutagenesis, Impairment | focus and distinguished editorial board assure you the most 
of Fertility: A positive response was observed in the mouse lymphoma assay under conditions which killed anh fi oak ae es a ; ; 
over 80% of the irealeg cells. A far weaker response was observed in the presence of metabolic activation ; significant ai information information that you can apply 
3 epN AHi alse snap ake rely of me man Ae ey Teratogenic Sibi directly to your practice. 
regnancy Category C. fracrum has been shown to be potentially teratogenic in rabbits, when given in dosas eee : +. : Ea 7 l 
up to approximately one-hall the human dose. There are no adequate and well-controlled studies in Discover why JACC is the #1 journal in cardiology. Enter 
pregnant women. Tracrium should be used during pregnancy only if the potential benefit iustilies the ; ; ; artic av t ; mt: 
potential risk to the fetus. Labor and Delivery: li is not known whether muscle relaxants administered during , JOW subscription today and follow the most current and 
vaginal delivery have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation . authoritative source on important developments in car diology. 
af the newborn will be necessary. The possibility that forceps delivery will be necessary may increase. Tracrium 
(0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean section. No harmful ‘ i : 
effects were attributable te Tracrium in any of the newborn infants, although small amounts of Tracrium were ; Journa of the American College of Cardiology 
shown to cross the placental barrier, The possibility of respiratory depression in the newborn infant should 1992, Volumes 19, 20 (14 issues; 1 supplement) 
always be considered following cesarean section during which a neuromuscular blocking agent has been ; ISSN 0735-1097 
administered. in palienis receiving magnesium sulfate, the reversal of neuromuscular blockade may be ; 7 
unsatisfactory and Tracrium dose should be lowered as indicated. Nursing Mothers: it is noi known : i 
whether ihis drug is excreted in human milk. Caution shouid be exercised when Tracrium is administered Personal Rate: $94.00 
to a nursing woman. Pediatric Use: Safety and effectiveness in children below the age of 1 month have not : Institutional Rate: $140.00 
been astablished. : : : . 
ADVERSE REACTIONS: Observed in Controlled Clinical Studies: Tracrium produced, few adverse = Intern/Resident/Nurse/Allied Health Rate: $58.00 
during extensive clinical trials, Most were suggestive of histamine release (see Precautions Section). ; 3 . os 
The overall incidence rate for clinically important adverse reactions was 7/875 or 0.8%. Most adverse reactions f For sample copies send to; Send subscription 
were of littie clinical significance unless thay were associated with signiicant hemodynamic changes. Substantial in North America orders to your usual 
vitai sign changes greater than or equa! to 30% observed in 530 patients, without cardiovascular disease, Elsevier Sci Publishing Co.. I 3 
were ag follows: in those patients given the recommended initia! dosage range of 0.31 to 0.50 mg/kg of Tracrium, Sevier Ocence SANE C0., AnC,, supplier or the New 
mean arterial pressure increased in 2.8% and decreased in 2.1% of patients while the heart rate increased P.O. Box 882, Madison Square Station York ad F 
in 2.8% of these patients. At doses of > 0.80 mg’kg, 14.3% of the studied patients had a decrease in mean New York. New York 10159 ork address. For even 
arterial pressure while 4.8% had an increase in heart rate. At doses < 0.30 mg/kg, mean arterial pressure NEW YORK, NEW Yor faster service. call 
increased in 1.9% and decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in : outside North America , 
0.8% of these patients. Observed in Clinical Practice: Based on clinical experience in the U.S. and the United : ian Pol Nye: ( ? 12) 633-3950 
Kingdom of approximately 3 million patients given Tracrium the following adverse reactions are among the Elsevier Science Publishers eens 
at i poan General: alle a eactions (anaphylact! : anaphylacteid} which kai 000 212) 633-3880 
most frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in ra : ~ 
instances, were severe {e.g cardiac arrest): Musculoskeielar inadequate, prolonged block, Cardiovascuiar: i P.O. Box 21 7 AE Fax No.. ( ) 
hypotension, vasodilatation (Hushing), tachycardia, bradycardia; Respiratory: dyspnea, bronchospasm. Amsterdam, The Netherlands f 
iatyngospasm;, /nfegumentary: rash, urticaria, iniection siie reaction. : r 
STORAGE: Tracrium injection shouid be relrigerated at 2° to 8° C (36° to 46° F} to preserve patency. DO ; aaa | Te YEARS GF 
NOT FREEZE. Upon removal from retrigeration to room temperature storage conditions (25° C/7?* F}, use sie er i 
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SCTENTTFIC | 


Tractlum injection within 14 days even | rerefrigerated. : 
EXCELLENCE | 
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1, Weinstein JA, Matteo RS, Ornstein E, Schwartz A, Goldstoff M, Tha! G. Pharmacodynamics of veouron- 
ium and atracurium in the obese surgical patient. Anesth Analg. 1988,67:1149-1153. 2. Ward 5, Nail EAM. | 
| 





Pharmacokinetics of atracurium in patients in acute hepatic failure (with acute renal failure). Br J Anaesth. 
1983:55:1169-1 172. 3. d'Hollander A, Luyckx ©, Barvais L, DeVille A. Clinica! evaluation of atracurium besylate 
requirement for a stable muscle relaxation during surgery: lack of age-related effects. Anesthesiology. 1983:59:237- se = 
240, 4. Ornstein E, Matteo RS, Silverberg PA, Schwartz AE, Young WL. Diaz J. Chronic phenytoin therapy 

and nondepolarizing muscular Diockade. Anesthesiology. 1985:63:A331. Abstract. $, Ebrahim Z. Sulkey R. ELSEVIER 
Roth S. Carbarnazapine therapy and neuromuscular Dlockade with atracunum and vecuronium, Anesth Analg. SCIENCE PUBLISHING 
1988;67:555. Abstract, : COMPANY, INC 
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Superior 
exceptional 






Significantly improved speed and 
quality of recovery compared 
with thiopental/isoflurane 


IT/4\\ 





Mean postanesthesia recovery times (min)! 4 


Thiopental/ 
DIPRIVAN isoflurane 


Duration of anesthesia 85* 57 


Response to commands ce 6.1 
Fully oriented oho j 9.4 
Able to tolerate fluids ol” 130 
“Ready” for discharge T 206 





—adapted from Korttila et al, p A564' 
*Statistically significant (P < .05). ; 
Measurements taken from time of discontinuation of all maintenance anesthesia. 





E Majority of patients are generally j 
awake, responsive, and oriented 
within 8 minutes 
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anesthetic control 


Significantly less nausea and vomiting 
than with thiopental/isoflurane 


| ISO 
| ISO] 


Wetchler? 


oa ae eo A H 
VOMITING 


As part of a balanced anesthetic technique, 
DIPRIVAN is a cost-effective alternative 

to thiopental/isoflurane for induction and | 
maintenance. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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Maintenance of anesthesiaas = -~ 
easily controlled as with 
isoflurane 
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Propofol blood 
concentration (ug/mL) 
















2 2 mg/kg 
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© 150 ug/kg/minute 
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Cc 

z 100 ug/kg/minute Awakening J 
3 1 / Responsive 

Cc 













45 60 75 90 | 
Time (minutes) 


1 hour postoperatively 
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—adapted from Herregods et al, p 364* 


* Significant difference (P< .05) from previous value. 
**P< .02. (Mean and SEM values are shown.) 


After a loading dose of 2 mg/kg, anesthesia was maintained with 150 g/kg/min for 
30 minutes—then 100 n¢/kg/min for 90 minutes 


E Total body clearance exceeds 
estimates of hepatic blood flow” 





ry 


{ð active metabolites produced 


? sthetic agents, clearance rate of DIPRIVAN decreases in elderly patients. 


peCuerY mu 
anesthetic control | 


Hemodynamic effects are controllable 
and dose-dependent 


u heie pressure See predictably decreases on 


E Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, — 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications:.' 


DIPRIVAN is not a narcotic agent 
When used with NoO/Oy for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required. 


Strict aseptic techniques must always be maintained while handling DIPRIVAN. DIPRIVAN is a single-use parenteral product ~ 
and contains no antimicrobial preservatives. DIPRIVAN Injection should be prepared for use just prior to initiation of each 
individual anesthetic procedure. DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are 
opened. Administration should commence promptly and be completed within 6 hours after the ampules have been opened: 


*Elderly, debilitated, and/or hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular responses, 


‘Induction dose requirements may be reduced. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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DIPRIVAN — 
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.uperior — 
recovery and- 
-exceptional 
anesthetic corit 


As part of a balanced anesthetic technique’ 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


E As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 


References: 1. Korttila K, Faure E, Apfelbaum J, Ekdawi M, Prunskis J, Roizen M. Recovery from propofol versus thiopental-isoflurane in 
patients undergoing outpatient anesthesia. Anesthesiology. 1988;69(3A):A564. Abstract. 2. Wetchler BV. A comparative evaluation of 
recovery following anesthesia with Diprivan® (propofol) by intravenous infusion versus Diprivan® followed by isoflurane versus 
thiopental sodium followed by isoflurane for short surgical procedures. Data on file, Stuart Pharmaceuticals, Wilmington, Delaware. 

3. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol-nitrous oxide anesthesia versus thiopental- 
isoflurane-nitrous oxide. Anesth Analg. 1990;70:S396. Abstract. 4. Herregods L, Rolly G, Versichelen L, Rosseel MT. Propofol combined 
with nitrous oxide-oxygen for induction and maintenance of anaesthesia. Anaesthesia. 1987;42:360-365. 5. Cockshott ID. Propofol 
(‘Diprivan’) pharmacokinetics and metabolism: an overview. Postgrad Med J. 1985;61(suppl 3):45-50. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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A business unit of ICI Americas Inc. 
Wilmington, Delaware 19897 USA 
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Injection is not recommended for usa in nursing mothers because DIPRIVAN has been reported to be excreted In 
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cedures (le, body surface) nitrous oxdde can be combined with a variable rate DIPRIVAN Injection 
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and PE epa Inhadattonal and regional anesthetic agents. (See Interactions.) 
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during handling as DIPRIVAN Injection is a sê parenteral product and contains no antimicrobial 

preserve ver vahicia Is capable of | shouid 
for use Just prior to initiation of each ual anesthetic procedure. DIPRIVAN on 

be drawn Into starie 68 ATu AOS Cr ae DE Nan vials veth volumetric 

devices alre cae connect Ine emean 


within 6 hours aftar the ampules or vials have bean 
use oniy and any unused portions of DIPRIVAN 
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Shake well betore use. Rev D 02/01 
Made in Sweden 
Manufactured for: 
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See how easy Marquette 
has made CO, monitoring ~ 































Marquette’s Anesthesia and Respi- 
ratory Care Division has expanded 
its extensive line of hybrid gas 
analysis systems with the addition 
of two unique CO, modules. 

The modules, one mainstream 
and one sidestream, are the prod- 
ucts of years of development in 
sensor miniaturization. 

Quick warm-up of less than 45 
seconds, fast response time, ease 
of use and the ability to maintain 
function and accuracy, even in the 
harshest of airway environments, 
are characteristic of both modules. 
The airway sensor of the main- 
stream CO, module is the smallest 
available, weighing only 8.5 grams. 
It utilizes a minimum deadspace air- 
way adapter and never overheats. 
The sidestream CO, module, for 
use with intubated and 
non-intubated patients, 
uses the Aqua-Knot® water 
trap for superior water 
protection and hasa 
sample withdrawal rate 
of only 150 ml/minute. 

What's more, due to the 
analyzer stability designed 
into both modules, yearly 
Actual Size calibration is all that’s 
required. 

If you want to test the 
performance of these CO, modules 
for yourself, contact your Marquette 
sales representative or call us at 
1-800-558-5120 today. 


marquetie ` 
electronics 


Marquette Electronics, Inc. @ Anesthesia & Respiratory Care Division 
U.S.A.: 8200 W. Tower Ave. è Milwaukee, Wisconsin 53223 

Tel. (414) 355-5000 @ TLX 29799% MEI UR @ FAX (414) 362-3010 

Europe: 15, rue Rougemont @ 75009 Paris, France 

Tel. (33) (4) 42.46.00.19 @ FAX (33) (1) 48.01.04.44 

Asia/Pacific: 184 Johnston Rd. @ Suite 1010 è Wanchai, Hong Kong 
Tel. (852) 8381398 @ TLX 78069393 MEIAP HX @ FAX (852) 8381507 
Middle East/Africa: Metropolis Bidg., B5, Anexartisias Street 
Limassol, Cyprus @ Tel. (357) (5) 355-210 @ FAX (357) (5) 370-734 
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INTERNATIONAL ANESTHESIA 
RESEARCH SOCIETY 
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Needles: A Sticky 
Situation for 
U.S. Healthcare. 


Healthcare workers in Ameri 
are facing an epidemic problem 


needle sticks. Each year thousand: 


of healthcare workers a 
accidentally st i 
nursing bom 
general practic 


having been idẹ 
in this way. 

In fact, 
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No Needles. 
No Retrogradin 


200 to 300 deaths a year to 
healthcare providers. And the 
number is growing every year. Add 


to this fact that the danger is now 


sunded by the AIDS virus and 
can see just how critical 
inating needles truly is. 

According to the Center for 
ease Control in Atlanta, 
rgia, a healthcare professional 
s a one in 200 chance of 


es report that over 800,000 
e sticks occur each year in 
tals alone. With these kinds of 
it is no wonder that the 
icare professions are seeking 
ons to this massive problem. 

[fo look at the problem from 
er point of view, consider the 
if this epidemic. It is estimated 
etween $400 million and $1.0 


= nis spent per year in direct 
= arising from needle sticks and 








fumble with. No 


retrograding to foul your 
delivery. No need for repeated 
connects and disconnects. 
Not only does our ““No-Needles”’ 
product line make great 
sense for the OR, but in ICU 
@ and CCU as well. 
So if you’re ready to say no to the 


this range does not include treatment 
or loss of work. In other words, 
aside from the human suffering 
associated with the infamous needle 
stick, the pocket book is infected, 
too. 

One of the solutions to this huge 
problem facing the healthcare field 
today is the reduction of the total 
number of needles used in practice. 
One example of how the demand for 
needles can be reduced is the 
utilization of I.V. sets that provide 
luer connections which do not 
require needles. 

With more than an estimated 
1-million needle sticks per year, the 
situation is getting worse, not better. 
Until a solution is found, the 
American healthcare system will be 
under siege from the needle. What 
was once designed to deliver healing 
is now dealing misery — the needle: a 
sticky situation the U.S. healthcare 
profession must face. 


When it comes to anesthesia sets, 
there is an innovative idea that could 
simplify your drug administration. 
Introducing the Quest “‘No-Needles”’ 
Anesthesia Sets. 

Simply and safely luer lock your 
syringes or I.V. lines directly to our unique 
sets and administer medications as needed. 


No needles to mess with. 
No stopcocks to 
















needle, say yes to Quest. Quest Medical’s “‘No 


+ ¢ Needles” Anesthesia Sets. Fax us today on your 
letterhead for a free sample. That fax number is 
@ 214-387-0501. Or call us toll-free at 1-800-527-0226. 


(In Texas call collect 214-387-2740). 








Bringing a dose of common sense to Medicine 


fe) Quest Medical, Inc. e 4103 Billy Mitchell Dr. * Dallas, TX 75244-9880 
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The complete guide to managing 
a successful practice 


The 
Business 
Medicine 


A28 


Edited by 

Gary Gitnick, MD, Professor of 
Medicine, Department of Medicine, 
UCLA School of Medicine; Medical 
Director, UCLA Health Care Programs, 
Los Angeles, CA 

Fred Rothenberg, President, 

Fred Rothenberg & Associates, 
Woodland Hills, CA 

Judy L, Weiner, Executive Administrator, 
Department of Surgery, UCLA School of 
Medicine, Los Angeles, CA 


usiness management 

for physicians has 
undergone significant change 
in recent years. Evolution 

of managed care and the 
development of prospective 
payment systems have greatly 
increased the importance of 
financial management. 





B 


The Business of Medicine provides 
a comprehensive view of the issues, 
requirements, opportunities and risks 
inherent in today’s medical practice 
environment. Topics range from a 
consideration of how best to enter 
practice, how to develop and 
maintain a successful practice, to 
financial planning and management 
by practitioners in the later years. 


Chapters are authored by 
acknowledged experts in the field 
and each topic is covered in depth 
with specific recommendations for 
the readers. 


The Business of Medicine covers: 

è The tools to make sound business 
decisions concerning the 
establishment and development of 
a medical practice given today’s 


competitive, changing environment. 


è Strategies on how to maximize 
income given current stringent 
reimbursement guidelines, HMOs, 
PPOs, and government 
regulations. 

© Long-term financial planning and 
developing other sources of income 
opportunities. 


This book is a valuable resource for 
all medical group administrators, 
physicians entering practice as well 
as established clinicians. The 
Business of Management will be of 
help to you in the management of 
your practice. Order your copy 
today! 





| ELSEVIER 


SCIENCE PUBLISHING 
| COMPANY, INC. | 
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Partial Contents: 
I. The Business of Medicine: 
An Overview 
Il. Going Into Practice 
lil. Establishing A Practice 
IV. Developing and Managing a 
Practice 
V. The Later Years 


0-444-01567-1 199] 552 pages cloth 
$55.00 DIL 110.00 (outside North America) 


enter 


Send orders to: 

in North America 

Elsevier Science Publishing Co., Inc. 
P.O. Box 882, Madison Square Station 
New York, NY [0159 


outside North America 
Elsevier Science Publishers 
Direct Mail Department 

PO. Box 211 

1000 AE Amsterdam 

The Netherlands 


For faster service, call er fax today to place 
your order: 


tet.No.:(212Z ) 653-3650 
Fax No.: (212) 633-3990 
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[ARS 66TH CONGRESS 


T.H. Seldon Memorial Lecture 


“Anesthesiology: Pacesetter or Follower?” 
Sunday, March 15, 1992 - 11:00 AM, Continental Ballroom 5 


Dr. Modell’s 34-year career in anesthesiology began at 
the U.S. Naval Hospital in St. Albans, New York. At 
age 36 he assumed the Chairmanship of the 
Anesthesia Department at the University of Florida 
where he continues to promote excellence in clinical 
care, medical education, and research. Dr. Modell has 
been very active in organized anesthesia at the 
national and local levels. He has served as president 
of his state society, the Association of University 
Anesthesiologists, and the Society of Academic 
Anesthesia Chairmen. As the economics and politics 
of medicine have expanded, his active role has earned 
him the reputation as a pacesetter in today’s medical 
community. 





T. H. Seldon, MD, FFARCS(I) 
(1905-1991) 





Jerome H. Modell, MD, Chairman, Department of Anesthesiology 
and Senior Associate Dean for Clinical Affairs, University of 
Florida College of Medicine, Gainesville, Florida 


The Lecture to be given by Dr. Modell is the tenth 
such to honor Dr. T. H. “Harry” Seldon, who served 
as Editor of Anesthesia & Analgesia for 23 years ending 
in 1977. Dr. Seldon passed away in October 1991 at 
the age of 86. 


LARS 66TH CONGRESS 


Review Course Lectures 


Saturday, March 14, 1992 


8:30 AM 


9:15 AM 


10:30 AM 


11:15 AM 


1:30 PM 


2:15 PM 


3:30 PM 


4:15 PM 


Update on Anesthesia for Trauma, BRUCE F. 
CULLEN, MD, Professor of Anesthesiology, 
Anesthesiologist-in-Chief, University of Wash- 
ington School of Medicine, Harborview Medical 
Center, Seattle, Washington 


Cardiopulmonary Bypass and the Brain, 
DONALD S. PROUGH, MD, Professor and 
Chairman, Department of Anesthesiology, Uni- 
versity of Texas Medical Branch, Galveston 
Texas; ANNE T. ROGERS, MBChB, FRCPC, 
Assistant Professor of Anesthesia; WILLIAM E. 
JOHNSTON, MD, Associate Professor of Anes- 
thesia, Bowman Gray School of Medicine, Wake 
Forest University Medical Center, Winston- 
Salem, North Carolina 


The Impact of AIDS on the Practice of Anesthe- 
sia, RONALD D. MILLER, MD, Professor and 
Chairman, Department of Anesthesia; Professor 
of Pharmacology, University of California, San 
Francisco, California 


Anesthetic Liability: What It Is and What It 
Isn't, ROBERT A. CAPLAN, MD, Staff Anesthe- 
siologist, Virginia Mason Medical Center; Associ- 
ate Clinical Professor of Anesthesiology, Univer- 
sity of Washington, Seattle, Washington 


Practical Pharmacokinetics for the Clinician, 
WALTER S. NIMMO, BSc, MD, FRCP, FFARCS, 
FFARACS, Director, Inveresk Clinical Research, 
Edinburgh; Fellow, Department of Anaesthesia, 


Royal Infirmary, Edinburgh, Scotland 


Intravenous Anesthetic Drug Delivery in Anes- 
thesia, J. GERALD REVES, MD, Professor and 
Chairman, Department of Anesthesiology; 


JAMES R. JACOBS, PhD, Assistant Professor of 


Anesthesiology and Biomedical Engineering; 
PETER S.A. GLASS, MD, Assistant Professor of 
Anesthesiology, Duke University School of 
Medicine, Durham, North Carolina 


Post-Op Pain Relief: Does the Technique Mat- 
ter?, PHILLIP O. BRIDENBAUGH, MD, Profes- 
sor and Chairman, Department of Anesthesia, 
University of Cincinnati College of Medicine, 
Cincinnati, Ohio 


New Techniques in the Management of Septic 
Shock, RONALD G. PEARL, MD, Assistant Pro- 
fessor, Department of Anesthesiology, Stanford 
University Medical Center, Palo Alto, California 


Sunday, March 15, 1992 


8:30 AM 


9:15 AM 


1:30 PM 


2:15 PM 


3:30 PM 


4:15 PM 


Complications of Regional Anesthesia, 
MICHAEL E MULROY, MD, Staff Anesthesiolo- 
gist, Department of Anesthesiology, Virginia 
Mason Medical Center, Seattle, Washington 


The Patient With Congenital Heart Disease for 
Non-Cardiac Surgery: Anesthesia for the Recon- 
structed and the Unreconstructed Heart, PAUL R. 
HICKEY, MD, Associate Professor of Anaesthesia, 
Harvard Medical School; Director, Cardiac Anaes- 
thesia Service, The Children’s Hospital, Boston, 
Massachusetts 


Anesthetic Management of the Patient With 
Head Injury, HUGO VAN AKEN, MD, Profes- 
sor and Chairman, Department of Anesthesiolo- 
gy; J. VAN HEMELRIJCK, MD, Assistant Pro- 
fessor of Anesthesiology, University Hospitals, 
Katholieke Universiteit, Leuven, Belgium 


New, Newer, Newest, and Imaginary Muscle 
Relaxants, JOHN J. SAVARESE, MD, The Joseph 
F. Artusio Jr. Professor and Chairman, Department 
of Anesthesiology, Cornell University Medical 
College, New York, New York 


Regional Anesthesia in Children, LYNN M. 
BROADMAN, MD, Professor of Anesthesiology 
and Pediatrics, Vice Chairman, Department of 
Anesthesiology, West Virginia University School of 
Medicine, Morgantown, West Virginia 


Quality: A Lesson From the Japanese, JOHN H. 
TINKER, MD, Professor and Head; NIELS F. 
JENSEN, MD, Assistant Professor of Anesthesia, 
Department of Anesthesia, University of Iowa 
College of Medicine, Iowa City, Iowa 
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Review Course Lectures (cont.) 





Monday, March 16, 1992 


8:30 AM 


9:15 AM 


10:30 AM 


11:15 AM 


1:30 PM 


2:15 PM 


3:30 PM 


4:15 PM 


Current Status of Sevoflurane and Desflurane, 
EDMOND I. EGER II, MD, Professor and Vice 
Chairman for Research, of Anesthesia, 
University of California, San Francisco, California 


Preserving Renal Function During Surgery, 
SIMON GELMAN, MD, PhD, Professor of Anes- 
thesiology, Department of Anesthesiology, Profes- 
sor of Physiology and Biophysics, The University 
of Alabama at Birmingham, Birmingham, Alabama 


Anesthesia for Thoracic Surgery, GREGG S. 

, MD, Associate Professor, Depart- 
ment of Anesthesiology, Cornell University Med- 
ical College, New York, New York 


Cardiac Physiology for the Clinician, DAVID C. 
WARLTIER, MD, PhD, Professor and Vice 
Chairman for Research, Department of Anesthe- 
siology; Professor of Cardiology and Pharmacol- 
ogy, Medical College of Wisconsin, Milwaukee, 
Wisconsin 


Controversies 
RICHARD J. PALAHNIUK, MD, Professor and 
Head, Department of Anesthesiology, University 
of Minnesota, Minneapolis, Minnesota 


Ambulatory Anesthesia, PATRICIA A. KAPUR, 
MD, Associate Professor, Department of Anesthe- 
siology, University of California, Los Angeles Cen- 
ter for the Health Sciences, Los Angeles, California 


Cerebral Ischemia: State of the Art Manage- 
ment, JOHN C. DRUMMOND, MD, FRCPC, 
Associate Professor, Department of Anesthesiolo- 
gy, University of California, San Diego; Staff 
Anesthesiologist, VA Medical Center, San Diego, 
Californi 


Anesthetic Delivery Systems in the 1990's, 
THEODORE H. STANLEY, MD, Professor of 
Anesthesiology; Michael A. Ashburn, MD, Assis- 
tant Professor of Anesthesiology, Department of 
Anesthesiology, University of Utah Health Sci- 
ences Center, Salt Lake City, Utah 


in Obstetric Anesthesia, 


Tuesday, March 17, 1992 


8:30 AM 


9:15 AM 


Oximetry, Capnography, and Other Non-Invasive 


ogy, University of Michigan School of Medicine, 
Ann Arbor, Michigan 


Coagulation System: TA Measure- 
ment and Management, BRUCE D. SPIESS, MD, 
Associate Professor of Anesthesiology, Chief of 
the Division of Cardiothoracic Anesthesia, Asso- 
ciate Chief of Anesthesia Clinical Services, Uni- 
versity of Washington Medical Center, Seattle, 
Washington 


10:30 aM Anesthetic Management of the High Risk Obstetri- 


cal Patient, MIECZYSLAW FINSTER, MD, Pro- 
fessor of Anesthesiology, Obstetrics and Gynecolo- 
gy, College of Physicians and Surgeons, Columbia 
University, New York, New York 


11:15 aM Anesthesia for the Patient With Endocrine Dis- 


ease, ROBERT K. STOELTING, MD, Professor 
and Chairman, Department of Anesthesia, Indi- 
ana University School of Mec, Indianapolis, 
Indiana 





LARS 66TH CONGRESS 
Tutorials, Panels, Luncheons 


TUTORIALS 

Saturday, March 14, 1992 

1:30 - 3:00 Regional Anesthesia 

; A. R. Brown, MD, Columbia University 
College of Physicians and Surgeons, 
New York, New York 
Fiberoptic Bronchoscopy 
J: T. Roberts, MD, Massachusetts General 
Hospital, Boston, Massachusetts | 

_ How to Publish 


D. R. Bevan, MB, University of British 
Columbia, Vancouver, BC, Canada 


Sunday, March 15, 1992 

8:30-10:00 Transesophageal Echocardiography 

| = M. K Cahalan, MD, University of California, 
Sdn Francisco, California 

Fiberoptic Bronchoscopy 

J. T. Roberts, MD, Massachusetts General 
Hospital, Boston, Massachusetts 
Introduction to Statistics 


N. L.. Pace, MD, University of Utah College 
of Medicine, Salt Lake City, Utah 


1:30 - 3:00 


3:30 - 5:00 


8:30 - 10:00 


1:30 - 5:00 


Monday, March 16, 1992 

8:30-10:00 Transesophageal Echocardiography 

M. K. Cahalan, MD, University of California, 
San Francisco, California 

Fiberoptic Bronchoscopy 

J. T. Roberts, MD, Massachusetts General 
Hospital, Boston, Massachusetts 
Vasoactive Drugs 

N. W. Lawson, MD, University of Texas 
Medical Branch, Galveston, Texas 
Regional Anesthesia 

A. R. Brown, MD, Columbia University 


College of Physicians and Surgeons, 
New York, New York 


Fiberoptic Bronchoscopy 


J. T. Roberts, MD, Massachusetts General 
Hospital, Boston, Massachusetts 


Patient with Non-Coronary Heart Disease, 


S. J. Thomas, MD, New York Hospital- 
Cornell Medical College, New York, New York 


8:30 - 10:00 
10:30 - 12:00 


1:30 - 3:00 


1:30 - 3:00 


3:30 - 5:00 


PANELS 


Saturday, March 14, 1992 
8:30 - 12:00 Does the Choice of Anesthetic Technique 
Really Matter? 


KJ. Tuman, MD, Rush-Presbyterian-St. 


Lukes Medical Center, Chicago, Ilinois 
ASA Practice Guidelines for Difficult 
Airway Management 

R. A. Caplan, MD, Virginia Mason Medical 
Center, Seattle, Washington 


Sunday, March 15, 1992 

1:30 - 5:00 ASA Practice Guidelines for Pulmonary 
Artery Catheterization Monitoring 
M. F. Roizen, MD, University of Chicago, 
Chicago, Ilinois 

Monday, March 16, 1992 

8:30 - 12:00 Clinical Cases from the Real World 


J. L. Waller, MD, Emory University Hospital, 
Atlanta, Georgia 


Tuesday, March 17, 1992 
8:30 - 12:00 Critical Incidents in Anesthesia: Analysis 
' and Prevention 
D. M. Gaba, MD, V.A. Medical Center, 
Stanford, California 


1:30 - 5:00 


LUNCHEONS 


Saturday, March 14, 1992 

12:00-1:30 Cardiopulmonary Bypass in the 90s 
J. G. Reves, MD, Duke University School of 
Medicine, Durham, North Carolina 
J. H. Tinker, MD, University of Iowa 
Hospitals & Clinics, lowa City, lowa 


- Sunday, March 15, 1992 


12:00 -1:30 Pain Management Who to, How to, and 


Payment for 

P.O. Bridenbaugh, MD, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 

L. C. Novak, MD, Wenatchee Anesthesia 
Associates, Wenatchee, Washington 


Monday, March 16, 1992 

12:00 -1:30 Legislative/Economic Update 
G. W. N. Eggers, Jr, MD, President, American 
Society of Anesthesiologists, University af 
A.C. Lang, Director, Office of Governmental 
Affairs, American Society of 
Anesthesiologists, Washington, D.C. 
S.J. Thomas, MD, Chairman, 
ASA Committee on Economics, 
New York, New York 


LARS 66TH CONGRESS 


Registration. 





PRE-REGISTRATION: Registration cards and checks at the 
lower pre-registration rates shown below must be received in 
Cleveland by March 4, 1992. Pre-registrants can pick up their 
meeting badges and materials at the IARS registra- 
tion desk at the San Francisco Hilton ing at 1 PM on 
Friday, March 13. Registration cancelled by March 4 will be 
refunded in full; thereafter, a $50 cancellation fee will apply. 
REGISTRATION AT THE MEETING: If you prefer to reg- 
ister at the meeting, you may do so beginning at 1 PM on 
Friday, March 13 at the higher on-site rates shown below. 
IARS members who register at the meeting should bring 
their [ARS membership cards. Nonmember residents in 
training and nurse sein students must bring certifying 
letters from their program directors to register at the reduced 
rates shown. 


REGISTRATION FEES 


IARS Members and Associate Members 

IARS Educational Members 

*New LARS Members and Associate Members 
*New LARS Educational Members 

*Non-LARS Members 

*Non-IARS Members (residents, nurse trainees) 


*Please see following page for membership/registration information. 
“Rate for members outside of US-in oo 


MEETING MATERIALS: Abstracts of the scientific papers 
and posters presented at the meeting are published as a 
Supplement to the February 1992 issue of Anesthesia & 
Analgesia. The Review Course Lectures will be a separate 
ublication mailed with the April 1992 journal. Copies of 
both publications will be included in the meeting packet of 
all scientific meeting registrants. 
The IARS acknowledges with thanks: Major funding from 
Anaquest Inc, A Division of BOC, Inc., that enables us to 
make the Review Course Lectures booklet available to all 
Society members and the sup eee of Burroughs Wellcome 
Co. in underwriting publication of the Abstracts 


Supplement. 
Paid by March 4 Paid at Meeting 

$325 $350 

NO FEE NO FEE 

$420 ($445**) $445 ($470) 

NO FEE NO FEE 
$500 $525 
$50 $50 


NOTE: bo dalle ppg cizaae rogram speakers, 
poster presenters, scientifi technical exhibitors; designated medical media; 
or spouses of registrants unless they are attending for professional credit. 


Hotel Information 


The HEADQUARTERS HOTEL for all and exhibits 


‘is the San Francisco Hilton on Hilton Square where the IARS 


has blocked the major portion of convention-rate sleeping 
rooms. The largest hotel on the West Coast, the San Francisco 
Hilton was recently renovated and expanded to include the 
addition of an executive business center and a professionally 
staffed fitness center. The hotel has five restaurants and is con- 
veniently located just steps from the financial district, Union 
Square, cable cars, theaters, Chinatown, and more. 

A small block of rooms is also available at the nearby 
Handlery Union Square Hotel at a reduced daily rate. One 
night deposit (check, major credit card) must accompany 
each reservation. The cut-off date for reservations at conven- 
tion rates is February 13, 1992; thereafter, rooms at conven- 
tion rates are on a space-available basis only. 


Continuing Education Credit 


AMA: The International Anesthesia Research Society is 
accredited by the Accreditation Council for Continuing 
Medical Education to continuing medical education 
for physicians. The LARS certifies that the 66th Congress meets 
the criteria for 27 credit hours in Ca 1 of the Physician's 
Recognition Award of the American ical Association. 
AANA: CRNAs must secure post-meeting approval from the 
AANA. Appropriate forms will be available at the meeting. 


Special Air Fares 


Delta and United Airlines will offer special discounted rates 
to [ARS meeting registrants for round-trip travel to San 
Francisco. Reservation can be made directly, or through your 
travel agent — but must be made through the telephone num- 
bers shown below and should mention the JARS meeting 


and the reference numbers shown. 
DELTA UNITED 
1-800-241-6760 1-800-521-4041 
File No. P-0095 Account 510XA 


TARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a nonprofit, scientific and educational corpora- 
tion of the State of Ohio, founded in 1922 “to foster progress and research in anesthesia.” To this 
end, the LIARS 


Publishes the oldest journal in the specialty, Anesthesia & Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March 


Funds projects in anesthesia-related research, clinical care, education, and 
administration through the B.B. Sankey Anesthesia Advancement Award 


Membership in the LARS is voluntary; it is also separate and distinct from membership in any 
other local, state, or national anesthesia organization. Membership is open to individuals who 
qualify in the various categories shown below. All memberships include a monthly subscription to 
Anesthesia & Analgesia. Members and Associate Members are entitled to a reduced registration 
fee at the IARS annual meeting; Educational Members pay no registration fee. Only IARS 
members may apply for the B.B. Sankey Anesthesia Advancement Award. 


MEMBERSHIP CATEGORIES 


MEMBERSHIP: Open to individuals with doctorate degrees who are licensed to practice in the 
medical, osteopathic, dental, or veterinary medicine fields (i.e, MD, MB, DO, DDS, DVM); and to 
individuals with doctorate degrees (PhD) in any scientific discipline who are engaged in academic, 
private, or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions who are 
certified by their professional accrediting organization as nurse anesthetists (CRNA), respiratory 
therapists or technicians (RRT or CRTT), physician assistants (PA, MMS), and other allied health 
professionals in anesthesia-related practice. 


Annual (1992 Calendar Year) Dues for Members and Associate Members: $95 ($120 Foreign). 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse anes- 
thesia schools; students enrolled in programs leading to certification as physician assistants, 
respiratory therapists, or technicians. 


Annual Dues for Educational Members: 

2 Years beginning July 1991—$98 ($145 Foreign) 2 Years beginning January 1992—$100 ($150 Foreign) 
3 Years beginning July 1991—$148 ($220 Foreign) 3 Years beginning January 1992—$150 ($225 Foreign) 
4 Years beginning July 1991—$198 ($295 Foreign) 4 Years beginning January 1992—$200 ($300 Foreign) 
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SPECIAL NOTE TO NON-IARS MEMBERS 
WHO PLAN TO ATTEND THE 66th CONGRESS 


If you qualify for Membership or Associate Membership: 
You may become an JARS member and register for the meeting for a single total fee of 
$420, if completed membership application, registration card, and check are sent to 
Cleveland office by March 4, 1992. At the meeting this charge will be $445. (Foreign 
members add $25 in each case.) 


If you do not wish to become an IARS member, the registration fee is $500 if paid by 
March 4 and $525 if paid at the meeting. 


If you qualify for Educational Membership: 
You may become a member, and receive complimentary registration, if you submit a 
certified Educational Membership application, a check to cover membership term (2, 3, 4 
years), and a registration card either by March 4 or at the meeting. Membership dues 
amounts are shown on application. 


If you do not wish to become an Educational Member, the registration fee is $50 (before 
or at the meeting) and must include letter certifying your current enrollment in an 
anesthesia training program. 


ot 


LARS 66TH CONGRESS 


The B.B. Sankey Anesthesia Advancement Award 


Sunday, March 15, 1992 
Award Presentations 10:30—11:00 AM 
Continental Ballroom 5 


1992 AWARDS: Award recipient(s) will be announced at this meeting. 
Since its inception in 1983, over $900,000 has been distributed to fund 37 
projects—including six awards in 1991 to: 


Mitchell E. Berman, MD 
Columbia University 


Alberto J. de Armendi, MD, AM 
Massachusetts General Hospital 


Stephen W. King, PhD, MD 
University of California at San Francisco 


Pontus Ostman, MD 
University of Iowa 


Mark S. Scheller, MD 
University of California at San Diego 


Margaret M. Sedensky, MD 
Case Western Reserve University School of Medicine 


1993 AWARDS: IARS members. are invited to submit applications for this 
Award which will be announced at the 67th Congress to be held in San 
Diego, March 19-23, 1993. This broadly based Award considers projects in 
the fields of anesthesia-related research, clinical care, administration, or 
education. Application forms will be available from the IARS.Cleveland 
office in May 1992. | 


The IARS established the Anesthesia Advancement Award to honor Dr. 
Sankey when he retired as Trustee and Executive Secretary of the Society in 
1983. At his retirement from practice on November 1, 1989, he completed 
52 years of service to the specialty as a clinical practitioner; an active mem- 
ber and officer of the Cleveland and Ohio societies; a founder of the 
Anesthesia Foundation; and president of the ASA in 1955. 





. THE ADVANTAGE 
OF CO-INDUCTION 


Anesthetic Synergy 





VERSED first, followed by a 
second anesthetic 


When given first, a small dose of VERSED” (midazolam 
k HCI/Roche) may lower the induction EDs of barbiturates 
or narcotics up to 75%.'* This synergistic effect appears 
to result from a mutual enhancement of binding-site 
affinity. Clinically, co-induction may decrease toxicity 
and speed recovery. VERSED can also abolish the 
excitatory effects and emergence phenomena associ- 
ated with some induction agents,° and its potent amnes- 
tic effect may avoid breakthrough awareness at times 
when short-acting induction agents may be wearing off. 


e Allows lower doses of induction agents'® 
e A smooth induction? — 
2 realdhrough awareness: 


2 











Dosing considerations 


When VERSED is used before other intravenous agents for 
induction of anesthesia, the initial dose of each agent may be 
significantly reduced, at times to as low as 25% of the usual 
initial dose of the individual agents. 

As a standard precaution, prior to |.V. administration of 
VERSED in any dose, oxygen and resuscitative equipment 
should be immediately available. VERSED should be used as 
an induction agent only by persons trained in anesthesiology 
and who are familiar with all dosing and administration guide- 
lines. Reduce dosage in elderly or debilitated patients, in 
patients receiving narcotic premedication and in those with 
limited pulmonary reserve. 

It is recommended that patients do not drive or operate haz- 
ardous machinery after receiving VERSED until the effects of 
the drug (e.g., drowsiness) are gone or until the day after anes- 
thesia, whichever is longer. The decision must be individualized. 


Piease see summary of product information on following page. 


INJECTABLE 


VERSED 


midazolamHCl/Roche € 


FIRST 


Injectable VERSED is available in 
1 mg/mL and 5 mg/mL strengths. 


References: 1. Tverskoy M, et al. Midazolam-thiopental anesthetic interaction In 
patients. Anesth Analg. 1988;67:342-346. sat lahore grate Kissin |. 
Midazolam for colnduction of thiopental anesthesia In patients. Anesthesiology. 1990; 
TABA)-A1 216. 3. Vink HR, Bradley EL. Jr, Kissin |. Midazolam-alfantanil synergism for 
anesthetic Induction in patients. Anesth Anaig. 1989;89:213-217. 4. Ban-Shiomo |, 





et al. Midazolam acts ly with fentanyl for induction of anaesthesia. Br J 
Anaesth. 1990;64:45-47, &. White PF. Comparative evaluation of Intravenous agents 
for rapid sequence induction — thiopental, ketamine, and midazolam. Anesthasiology. 
1982:57:279-284. 

VERSED” 

midazolam HCI/Roche @ 


INJECTION 


Before prescribing, please consult complete product Information, a summary 
of which follows: 


Intravenous VERSED has been associated with respiratory depression and respira- 


trained In their use should be assured. (See WARNINGS.) 
The Initial Intravenous dose for conscious sedation may be as little as 1 mg, but 


should not exceed 2.6 mg In a normal healthy adult. Lower doses are necessary for 
oker (over 60 years) or debilitated patients and In patients receiving concomitant 
narcotics or other CNS depressants. The Initial dose and all subsequent doses 
should never be given as a bolus; administer over at least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedative effect. The use of the 

formutation or dutin of the 1 mg/mL or 5 mg/mL formulation is recom 
mended to facilitate slower Injection. Consult complete product information under 
DOSAGE AND ADMINISTRATION for complete dosing information. 


CONTRAINDICATIONS: Patiants with known hypersensitivity to the drug. Benzo- 
Clazepines are contraindicated in patients with acute narrow angle giaucoma; may be 
rpc wl als wy seule O a neal 

Not intended for intrathecal or or epidural administration due to the presence of the preser- 
vative benzyl aicohal. 

WARNINGS: Never use without Individualization of dosage. Prior to IY use in any 
dose, ensure Immediate availablity of oxygen, resuscitative equipment and 
skilled personne] for maintenance of a patent airway and support of ventilation. 
Continuously monitor for early signs of underventilation or apnea, which can 
lead to hypoxia/cardlaoc arrest unless effective countermeasures are taken 


Because 
add to this depression, it shoukd be administered as an induction agent onty by a person 
trained In general anesthesia and should be used for conscious sedation only in the 
presence of personnal sidiied In early detection of underventilation, maintaining a patent 
airway and supporting ventilation. For conscious sedation, do not administer IV by 
ee E eee 
have included respiratory depression, apnea, respiratory arrest and/or cardiac arrest, 
sometimes resulting In death. There have been rare reports of hypotensive episodes 
requiring treatment during or after diagnostic or surgical manipulations in patients who 
have received VERSED. Hypotension occurred more frequently In the conscious sedation 
with narcotic. 


thase reactions occur, rasponse to each dose of VERSED 
and all other drugs shoud be evaluated before proceeding. 
Concomitant use of barbiturates, alcohol! or other CNS depressants may Increase the risk 
of underveniitation or apnea and may contribute to profound and/or prolonged drug 
effect. Narcotic premedication also depresses the ventilatory response to carbon dioxide 


Higher risk surgical, siderly or debilitated patients require lower dosages for Induction of 
anesthesia, premedicated or not. Patients with chronic obstructive pulmonary disease 
pede sila ea ate ano ca senate cod as Patients with 
srl alec a aloud heart faure elminate midazolam more 
Siowly. Because elderly patients frequently have inefficient function of one or more organ 
systems, and because car plgeere al cl bibl seach We hen 
reduce initial dosage and consider possibility of a profound and/or profonged effect. 

Do not administer in shock, coma, acute alcohol Intoxdcation with depression of vital 
signs. Particular care should be exercised in the use of [VY VERSED In patients with 
uncompensated acute lineseas, such as severe fluid or electrolyte disturbances. 

Guard against unintended intra-arterial infection; hazards In humans unknown. Avoid 
extravasation. 


VERSED shoud onty be administered IM or IV. Safety and efficacy of other routes of 
administration are not estab¥ehed. 
Gross tests of recovary from the affects of VERSED cannot alone predict reaction time 


nery or a motor vehicle untl the effects of 

the drug, such as drowsiness, have subsided or until the day after anesthesia, whichever 

ls longer. 

Usage In Pregnancy: An Increased risk of congenital malformations associated 

with the use of benzodiazepines (diazepam and ch oxide) has been 

suggested In several shies. If VERSED Is used during pregnancy, epprise the 

patient of the potential hazard to the fetus. 

Seta ld a E clear lait 

patients. These patients wil also probably take longer to recover compistely after 

VERSED for induction of anesthesia. 

VERSED does not protect against Increased intracranial pressure or against the heart 

rate rise and/or blood preesure rise associated with endotracheal Intubation under light 
anesthesia. 


general 
information fr pats: ee ee 
patient whan and 


effect when with 
regarding simultaneous Ingestion of alcohol and benzodiazepines. 2. inform your 


phyaician Hf you are pregnant or are planning to become pregnant. 3. Inform your physt 
akan eh ie pkita 
Drug The sedative effect of IV VERSED is accentuated by premedication, 





VERSED” (midazolam HCl/Roche) 


particularly narcotics (e.g., morphine, meperidine, ara eria secobarbital and 
Innover (fentanyl and droperidol. Consequently, adjust the 


dosage according to the type 
and amount of 
A moderate reduction in induction dosage requirements of thiopental (about 15%) has 
ee ee ee 
V administration of VERSED decreases the minimum alveolar concentration (MAC) of 


halothane required for general anesthasia. This decrease correlates with the dose of 
VERSED administered. 

Although the possibility of minor Interactive effects has not been fully studied, VERSED 
and pancuronium have bean used together in patients without noting clinically significant 
changes In dosage, onset or duration. VERSED does not protect against the characteris- 
tic circulatory changes noted after administration of 


lycooyrroate 
muscle relaxants} or 
topical local anesthetics (Including Idocaine, dycionine HCl and Cetacalne) have besn 


Clearance of midazolam and certain other benzodiazepines may be delayed with 
concomitant administration of cimetidine (but not ranitidine). Clinical significance of this 
interaction Ie unclear. 

Drug/laboratory test interactions: Midazotam has not bean shown to Interfere with clinical 


laboratory tast resutts. 

Carcinogenesis, mutagenesis, impairment of fart&ity: Midazolam maleate was adminis- 
tered to mice and rats for two years. At the highest dose (60 mg/kg/day) famale mice had 
a marked increase in Incidence of hepatic tumors and male rats had a small but signifi- 
cant increase in benign thyroid follicular cef tumors. These tumors were found after 
chronic usa, whereas human use will ordinarily be of single or several doses. 

Midazolam did not have mutagenic in tests thet were conducted. 

A reproduction study in rats did not show any impalrment of fertility at up to ten times the 


human NY dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D, See WARNINGS section. 
Midazolam maieete infectabie, at 5 and 10 times the human doss, did not show evkience 
of teratogenicity in rabbfts and rets. 

Labor and delivery: Use in obstetrics has not been evaivated. Because midazolam is 
transferred transplacentaily and because other benzodiazepines given in the last weeks 
of pregnancy have resulted in neonatal CNS depression, VERSED Is not recommended 
for obstetrical use. 

Nursing mothers: Excreted in human mik. Not recommended for use in nursing mothers, 
Peckatric use: Safety and effectiveness in chikiran below the age of 18 have not been 


ADVERSE REACTIONS: See WARNINGS conceming serious cardiorespiratary 
events and possible paradoxical reactions. Fluctuations in vital signs folowing 
parenteral administration were the most frequently seen findings and included 
tidal volume and/or respiratory rate decrease (23.3% of patients following IV and 10.8% 
ee ee ene 
istration), a% well as variations In blood pressure and pulse rat 

IM Injection: headache (1.3%); ocal elise al Niate. paln (3.7%), induration 
A a musc stiffness (0.3%). 

t 


rare reports of death under circumstances compatible with cardilorespiratory dapression. 
In most of these cases, a ee eee 
depressing respiration, especially narcotics 

Folkowing NV administration: hiccoughs (3. 956), nausea (2.8%), ie at (2.8%), coughing 
(1.3%), “oversedation” (1.6%), headache (1.6%), drowsiness (1.2%); local effects at the IV 
site: tandemsss (5.696), pain during 0%), readiness (2.696), induration (1.796), 
phtabitis (0.496). Other effects (<1%} mainly folowing NV administration: Aesprratory: 
tons, alway obstruction, , premature ventricular 


dence potential of midazolam suggest that its abuse potential Is at laast equivalent to that 


of diazepam. 
OVERDOSAGE: Manifestations would resemble those observed with other banzodl- 
azepines (@.9., sedation, somnoisnce, confusion, Impalred coordination, cirninished 
reflexes, coma, untoward effects on vital signs). No specific organ taxdclty would be 


expected, 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires stow administration and Individualization of dosage. Clinical ented 
Bare a e FEDER I ISLE oer rong Notes ECAUSE 
SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY ADVERSE EVENTS 
HAVE BEEN REPORTED, PROVISION FOR MONITORING, DETECTION AND 
CORRECTION OF THESE REACTIONS MUST BE MADE FOR EVERY PATIENT 
TO WHOM VERSED INJECTION IS ADMINISTERED, REGARDLESS OF AGE OR 
HEALTH STATUS. Excess doses or rapid or single bolus Intravenous administra- 
tion may result in reeplratory depression and/or arrest. (See WARNINGS.) Prior 
to use refer to the DOSAGE AND ADMINISTRATION section in the complete 
product information. 


P,], 0681 


Roche Laboratories 


a division of Hoffmann-La Rocha Inc. 


340 Kingsiand Street 
Nutley, New Jersey 07110-1199 





EDITORIAL 


Pulse Oximetry: Would Further Technical Alterations 


Improve Patient Outcome? 


Phillip E. Scuderi, MD, David L. Bowton, MD, Randy L. Anderson, PhD, and 


Donald S. Prough, Mp 


Bowman Gray School of Medicine, Wake Forest University, Winston-Salem, North Carolina 





articles that enhance our understanding of the 

current and future roles of pulse oximetry in 
clinical medicine. Young et al., cleverly utilizing rapid 
decompression to abruptly change alveolar oxygen 
tension, evaluated the speed with which several 
commercially available pulse oximeters are able to 
detect hypoxemia (1). Cullen et al. examined data, 
based on a change in the incidence of “unanticipated 
intensive care unit admissions,” which suggest that 
pulse oximetry in fact reduces perioperative morbid- 
ity (2). Together, the two articles provide an oppor- 
tunity to examine the current clinical use of pulse 
oximetry and to speculate about the potential of this 
remarkable monitoring tool to farther enhance pa- 
tient care. From this perspective, we will consider the 
clinical importance not only of the detection of hy- 
poxemia, but also the value of its early or immediate 
detection. We shall also consider directions of equip- 
ment development that promise to further enhance 
usefulness. 

The clinical importance of unexpected hypoxemia 
is apparent both from the remarkably high incidence 
in hospitalized patients and from the apparent reduc- 
tion in morbidity and mortality associated with the 
introduction of pulse oximetry monitoring. Moller et 
al. (3), in a single-blind, observational study of pa- 
tients undergoing general or conduction anesthesia, 
found that mild hypoxemia, defined as an oxygen 
saturation by pulse oximetry (Spo,) of 86%-90%, 
developed in 53% of patients and that severe hypox- 
emia (Spo, <81%) developed in 20%. Seventy per- 
cent of the mild episodes, lasting a mean of 2.3 min, 
were undetected clinically; the remainder required 
almost 2 min for diagnosis and reversal. 

Pulse oximetry, however, is applied only sporadi- 
cally in other patient populations. Recent evidence 


r : This issue of Anesthesia & Analgesia contains two 


Accepted for publication October 17, 1991. 

Address correspondence to Dr. Scuderi, Department of Anes- 
thesia, Bowman Gray School of Medicine, Wake Forest University, 
Winston-Salem, NC. 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


confirms a high incidence of episodic hypoxemia both 
in critically ill patients and in patients in general care 
areas. In 241 patients in a surgical intensive care unit, 
one or more hypoxic events developed in 21%, more 
than half of which were detected primarily by inter- 
mittently applied pulse oximetry (4). Although most 
could be quickly corrected, the authors attributed two 
adverse outcomes to hypoxemia. More surprising is 
the incidence of hypoxemia in patients admitted to 
general care areas. In a population of patients whose 
primary physicians were sufficiently suspicious of 
hypoxemia that they requested continuous pulse 
oximetry monitoring, three-quarters had episodic de- 
saturation, persisting for at least 5 min, to Spo, <90% 
and more than half to Spo, <85% (5). In a similar 
group of patients in whom clinically significant hy- 
poxemia was not suspected, 32% had at least one 
episode of desaturation to <90% and 26% had at least 
one episode of desaturation to <85% (6). The rela- 
tionship between these observations to morbidity, 
mortality, and treatment outcomes in hospitalized 
patients must be established. 

The impact of intraoperative hypoxemia on ad- 
verse outcomes has been addressed in several impor- 
tant publications, most recently that of Cullen et al. in 
this issue of Anesthesia & Analgesia (2). A closed- 
claims analysis of 1097 anesthetic-related malpractice 
actions concluded that 314 incidents, nearly all of 
which resulted in death or brain damage, could have 
been prevented had pulse oximetry or pulse oximetry 
plus capnometry been applied (7). Eichhorn et al. (8) 
analyzed the incidence of severe anesthetic-related 
injury in the nine component hospitals of the Har- 
vard Department of Anaesthesia before and after the 
introduction of monitoring standards, including 
pulse oximetry, in July 1985. Ten of 757,000 anesthet- 
ics administered between January 1976 and June 1985 
resulted in intraoperative accidents; only one of 
244,000 anesthetics given between the introduction of 
the standards and June 1988 resulted in accidents. 
This report suggested that routine monitoring could 
reduce anesthetic-related morbidity and mortality, 
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but the extremely small numbers of severe intraoper- 
ative events precluded statistical significance. 

Cooper et al. (9) took advantage of the same 
institutional change in monitoring standards to eval- 
uate the impact of pulse oximetry on the incidence of 
more frequent, usually less severe, anesthetic events 
defined as “unanticipated, undesirable, possibly an- 
esthesia-related effect(s) that required intervention, 
were pertinent to recovery room care, and did or 
could cause at least moderate morbidity.” After the 
introduction of pulse oximetry, significantly fewer 
patients experienced such events, including hypoten- 
sion and hypovolemia. In contrast to the study by 
Eichhorn et al., the experimental methodology pro- 
vided a larger numerator, thereby facilitating statisti- 
cal analysis; but the broader definition of “undesir- 
able” outcomes necessarily resulted in the inclusion 
of a large percentage of events with a low probability 
of incurring actual injury or increased cost of care. 

The study by Cullen et al. (2) in this issue of 
Anesthesia & Analgesia represents a logical attempt to 
define adverse outcomes of anesthesia such that both 
the number and severity of observed events are 
intermediate between the rare, unequivocally severe 
events that result in lawsuits and the frequent, often 
trivial, events that result in little objective evidence of 
injury. They chose a single sentinel event, ‘“unantic- 
ipated intensive care unit admission,” as a stronger 
indicator of the possibility of adverse outcome. After 
the introduction of pulse oximetry, the overall rate of 
unanticipated intensive care unit admissions de- 
creased significantly. 

The methodologic aspects of the study illustrate 
the formidable challenge of determining the effect of 
monitoring devices on patient outcomes. Death and 
severe neurologic injury are objective indicators that 
most clinicians would define similarly, but the low 
incidence of such events makes them impractical as 
statistical indicators of quality or efficacy. Hypoten- 
sion, arrhythmias, and sinus tachycardia occur with 
much greater frequency, but are nonspecific re- 
sponses to a variety of physiologic stimuli and often 
bear little direct relation to outcome. ‘‘Unanticipated 
intensive care unit admission” suggests the occur- 
rence of an intraoperative event of sufficient severity 
to merit genuine concern and occurs with sufficient 
frequency to permit statistical comparisons between 
groups. However, this definition of adverse outcome 
does suffer from the possibility that clinicians, to the 
extent that they were to recognize the criterion as an 
indicator for quality assessment, would almost cer- 
tainly reduce their enthusiasm for intensive care unit 
admission, thereby confounding the specificity and 
objectivity of the measure. The conclusions in this 
study are also confounded by the use of a historical 
control group. Other monitoring standards, particu- 
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larly more widespread use of capnometry, were 
changed as pulse oximetry was introduced. There- 
fore, pulse oximetry per se may have contributed less 
to improved outcome than might otherwise be in- 
ferred. 

Nevertheless, the weight of evidence favors the 
probability that the widespread application of pulse 
oxithetry during ariesthesia has been associated with 
fewer instances of serious morbidity and mortality. If 
so, would pulse oximeters that detect hypoxemia 
more rapidly provide additional benefit? The answer 
to that question necessitates one statistical and two 
physiologic considerations. Statistically, it seems 
most unlikely that faster detection of desaturation can 
be proven to improve outcome, regardless of how 
outcome is measured. An additional small decrease 
in an already small number would be nearly impos- 
sible to prove. The physiologic considerations include 
defining critical thresholds of hypoxemia and specu- 
lation upon what constitutes an acceptable delay. 

Humans are surprisingly tolerant of hypoxemia 
under certain circumstances. Well-conditioned moun- 
tain climbers can tolerate a reduction in Pao, to 
approximately 30 mm Hg, although adaptive mecha- 
nisms produce respiratory alkalemia (10), shifting the 
oxyhemoglobin curve leftward, and variable, usually 
mild polycythemia, further increasing arterial oxygen 
content (11). Acute hypoxic stimuli, such as those 
used by Young et al. (1) and Severinghaus et al. 
(12,13) to test the responses of pulse oximieters to 
acute changes in Fto,, are well tolerated for brief 
intervals even if directly measured arterial oxygen 
saturation (Sao,) drops to 40% (11). If unrecognized 
desaturation to <81% develops in 20% of patients 
during anesthesia (3) and 26% of patients on general 
medical wards have unsuspected desaturations to 
<85% (6), then presumably few measurable conse- 
quences result from most episodes of transient hy- 
poxemia. However, patients who have intercurrent 
diseases may be compromised by less severe hypox- 
emia. An increased frequency of ventricular arrhyth- 
mias may develop in unanesthetized, hypokalemic 
patients if Sao, drops below 90% (14), although 
ventricular arrhythmias do not increase in patients 
with stable chronic obstructive pulmonary disease - 
even if saturations as low as 70%-80% develop dur- 
ing sleep (15). Patients with severe head injury have 
worse outcome if they are hypoxic on admission to 
the hospital (16), a clinical observation that is consis- 
tent with increased neurologic vulnerability of head- 
injured rats subjected to an acute reduction in Sao, to 
75% (17). Based on the above, the empirical selection 
of an Spo, of 90% as an interventional threshold 
appears reasonable. The duration of mild to moderate 
hypoxemia that might be tolerated without produc- 
ing harm is even more difficult to define, but again is 
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almost certainly dependent on the presence of coex- 
istent pathology. 

Pulse oximetry should detect moderate to severe 
desaturation accurately and with minimal delay. 
However, the need to limit delay must be balanced 
with the need to avoid false-positive responses that 
will result in unnecessary intervention and poten- 
tially interfere with confidence in the monitor. Man- 
ufacturers have addressed this problem with the 
strategy of weighted signal averaging, such that a 
single sudden deviation from previous values pro- 
duces little change in the displayed saturation but a 
sustained change or trend alters Spo, (18). The delay 
produced by signal averaging is added to the delay 
produced by circulation time (approximately 10-60 s 
greater for finger than ear probes) (1,12) and the 
delay between the time that the physiologic or envi- 
ronmental status (i.e., Flo.) changes and the reflec- 
tion of that change in Sao. By rapidly changing 
atmospheric pressure, Young et al. (1) minimized the 
delay in environmental change. Nevertheless, that 
methodology does not produce as rapid a change in 
Sao, and therefore in Spo,, as the approach used by 
Severinghaus et al. (12,13), in which a severely re- 
duced Fro, was adjusted breath-by-breath based on 
analysis of expired gas to produce a rapid reduction 
to an hypoxic alveolar plateau within 10 s. In con- 
trast, Young et al. (1) did not consistently achieve a 
plateau, even within 5 min. However, the latter study 
did not attempt to define accuracy in relation to the 
criterion standard of CO-Oximetry but rather was 
intended to define how rapidly various pulse oxime- 
ters displayed clinically relevant changes in Spo, of 
5% and 10%. Viewed from this perspective, there 
appear to be no clinically important differences in the 
rate at which pulse oximeters fitted with comparable 
probes detect hypoxemia, although the difference 
between finger and ear probes is potentially impor- 
tant. 

The technical capabilities of pulse oximeters to 
rapidly detect: hypoxemia may have reached the 
limits of practical utility. Most pulse oximeters have 
alarms that sound each time a criterion level is 
exceeded. However, most clinicians recognize that 
the objective identification of trends would be as 
important for therapeutic intervention as knowledge 
of current tests. Even so, trends may not be readily 
evident because of concurrent random variation 
(noise), cyclical patterns, or confounding interven- 
tion effects. Implicit in the concept of monitoring is 
both the early identification of potentially adverse 
events in real time and the availability of repetitive 
measures over time (“trending”). Testing, on the 
other hand, measures a parameter at a fixed point in 
time. Much of the improved outcome attributed to 
pulse oximetry monitoring to date has relied on early 
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identification, interpretation, and treatment of epi- 
sodic hypoxemia in acute care settings. Little, if any, 
attention has been focused on the potential utility of 
these devices as diagnostic tools. Further improve- 
ments in trending and analysis of Spo, data from 
pulse oximeters may enhance their utility. Improved 
ability to identify clinical scenarios in which episodic 
arterial desaturation may lead to adverse outcomes 
may expand the usefulness of pulse oximetry outside 
the acute care environment. 

Analysis of serial measurements, however, consti- 
tutes a statistical problem. Measurements form a time 
series; that is, a collection of consecutive measures 
over fixed time intervals. A time series is character- 
ized by the correlation of adjacent observations. Al- 
though statistical analysis of time series data (stochas- 
tic analysis) has a long history, mostly in the 
econometrics literature (19-22), little attention has 
been given to these phenomena in the medical liter- 
ature. Nevertheless, analytical techniques used to 
identify trend, cyclical patterns, and intervention 
effects are also applicable to time series generated by 
medical monitors. Recent work suggests that time 
series may be broken down into cyclical and trend 
components with minimal assumptions about the 
form of the underlying mathematical model (23). The 
availability of fast computers would enable more 
sophisticated analysis of the monitored stochastic 
process so that a trend projection could be continu- 
ally updated as new data points are collected. The 
trend projection and other pertinent information 
could be displayed on the monitor along with the 
preceding trend time series and the actual real time 
value. 

What developments in oxygen monitoring might 
provide further benefit and what can pulse oximetry 
contribute to patient care in 1992? Pulse oximetry 
monitoring is frequently impossible in patients, such 
as those in shock, who have intense peripheral vaso- 
constriction. In these critically ill patients, monitoring 
the perfusion status of specific organs is now feasible 
technically and may be useful in the detection and 
treatment of hypoxemia in low-perfusion states. In 
vivo near-infrared spectroscopy, for example, contin- 
uously monitors brain oxygen saturation. This tech- 
nique does not appear to be subject to deteriorating 
signal detection from low peripheral perfusion (24- 
26) and may demonstrate deterioration in tissue oxy- 
genation before the development of significant 
changes in Spo. This and similar monitoring devices 
may represent the next logical step in continuous 
oxygen monitoring. 

Most evidence suggests that routine use of pulse 
oximetry intraoperatively and in the recovery room 
demonstrates a high incidence of otherwise unrecog- 
nized hypoxemia and, presumably, by permitting 
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timely correction, decreases the incidence of severe 
anesthetic-related complications. There is little reason 
to expect that more rapidly responding, signal- 
weighting algorithms would result in any further 
decrease in acute morbidity and mortality in anesthe- 
tized patients. Rather, further improvements in out- 
come are most likely to result from extension of use 
outside the operating room to monitor high-risk 
patients (whose risk status must be carefully defined 
based on objective data) and from technological de- 
velopments that facilitate use in patients who are not 
now monitored effectively. The importance and po- 
tential role of pulse oximetry as a diagnostic tool are 
underscored by the relatively frequent occurrence of 
hypoxemia outside special care areas (5,6) and their 
potential relationship to.adverse outcomes. Indeed, 
of 28 patients judged to have suffered an iatrogenic 
cardiac arrest (out of a total of 203 arrests in hospital- 
ized patients), three had inadequately treated, but 
recorded, clinical symptoms or signs of hypoxemia 
(27). If we assume that hypoxemia produces early 
clinical signs or symptoms in the minority of patients, 
this probably represents an underestimate. Addi- 
tional studies are needed if we hope to identify, 
either through intermittent Spo, testing or the appli- 
cation of stochastic analysis to continuous Spo, mon- 
itoring, patient populations at special risk for adverse 
outcomes secondary to hypoxemia. Further, refine- 
ments in the monitoring of tissue oxygenation may 
ultimately permit the recognition and treatment of 
hypoxia and its attendant morbidity in patients in 
whom this cannot be identified adequately by pulse 
oximetry alone. 
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Unanticipated intensive care unit admission (UIA) 
associated with anesthesia served as an outcome 
measure to assess the quality of anesthesia care in a 
large teaching hospital. We characterized the patient 
population and types of problems associated with 
UIAs, attempted to identify patterns of care. that 
could have led to < c adverse outcomés, and 
determined if a s c intervention, pulse oximetry, 
reduced UIAs. Batine a consecutive 65-wk period 
July 1985-September 1986), 17,093 surgical patients 
were expected to enter the recovery room and then 
return to floor care. Seventy-one patients (0.42%) 
experienced a UIA from either the pee room or 
operating room, and the circumstances of their ad- 
missions were analyzed in detail. After introduction 


here are no standards to assess the quality of 
anesthesia care or the effectiveness of modify- 
ing anesthetic practice in the attempt to im- 
prove outcome. Brown (1) suggested establishing 
criteria of clinical performance, then monitoring spe- 
cific clinical problems to ensure that these criteria 
were met. However, such criteria do not yet exist. 
In 1987, we described a self-reporting mechanism 
to (a) establish a baseline rate of anesthesia-related 
problems encountered in the operating room (OR) 
and/or recovery room (RR)*; (b) assess the effect of 
feedback of information to the departmental staff 
about anesthetic complications; and (c) assess the 
effect of pulse oximetry on the rate and severity of 
complications (2). In that study, 18% of non-intensive 
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of pulse oximetry in all anesthetizing: locations (not 
including the recovery room) in the 29th week, the 
overall rate of UIAs and, specifically, the rate of UIA 
to rule out myocardial infarction, decreased signifi- 
cantly. Increasing ASA physical status (ASA-PS) and 
age significantly increased the probability of UIA. 
UIA patients with ASA-PS III/IV had a significantly 
higher acuity in the intensive care unit and were far 
more likely to die during their hospitalization than 
ASA-PS I/II patients. Retrospective review of UIAs : 
alone did not identify patterns of care requiring 
remediation, which leads us to question the utility of 
UIAs as a generic screen for quality assurance. 
(Anesth Analg 1992;74:181-8) 


care unit (ICU) patients admitted to a routine post- 
operative RR had at least one anesthesia-related 
event during anesthesia or in the RR that j 
intervention. Intensive feedback of information to the 
entire anesthesia department (as a group, not indi- 
vidually) produced no demonstrable change in the 
rate of recovery room impact events (RRIEs). After 
introduction of pulse oximetry in all ORs, the overall 
event rate and the rate of hypotensive and hypo- 
volemic events were significantly reduced. The un- 
controlled, longitudinal methodology precluded a 
conclusive demonstration of a causal relationship. 
We now report on the nature of the more serious 
events, and on how the introduction of pulse oxim- 
etry affected the frequency of unanticipated ICU 
admission (UIA), a relatively serious outcome, and 
consider the utility of UIAs for quality assurance. 
Anesthesia-related, unexpected admission to an 
ICU, either from the RR or directly from the OR, 
served as an occurrence screen to focus on a specific 
serious outcome associated with anesthesia. This 
occurrence has been cited by the Joint Commission 
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on Accreditation of Healthcare Organizations as a 
clinical indicator of anesthesia care (3). These occur- 
rences were stratified for age and physical status 
using the American Society of Anesthesiologists- 
Physical Status (ASA-PS) score. Our goals were to 
(a) assess the severity of a subset of postanesthetic 
complications, namely UIAs, having demonstrated 
previously an 18% incidence of RRIEs; (b) character- 
ize the patient population and types of problems that 
were associated with UIAs; (c) identify patterns of 
care that could have led to specific adverse outcomes; 
and (d) determine if pulse oximetry was associated 
with a reduction in UIAs, not just a reduction in 
frequency of all types of complications. 


Methods 


This study was approved by the Hospital’s Subcom- 
mittee on Human Studies. 

In our earlier study, a “serious” outcome was 
defined as an unanticipated patient admission to an 
ICU (UIA or unanticipated ICU admission) after 
anesthesia and surgery. There were two pathways by 
which a patient could be admitted unexpectedly to an 
ICU. First, the patient could be transferred directly 
from the RR to the ICU. Fifty-four such patients were 
admitted unexpectedly to an ICU from the RR. Sec- 
ond, the patient could be admitted directly, though 
unexpectedly, to the ICU from the OR (bypassing the 
RR) because of surgical or anesthetic concerns that an 
unexpected problem required immediate intensive 
care. Seventeen such patients were admitted unex- 
pectedly from the OR directly to an ICU. Patients 
admitted electively (per anesthetic or surgical plan) 
directly to an ICU were excluded (this group includes 
all patients having cardiac procedures or requiring 
postoperative monitoring with a pulmonary artery 
catheter and almost all patients having thoracic, vas- 
cular, and neurologic procedures). Unexpected ad- 
missions to the pediatric and neonatal ICUs were 
excluded. All patients who returned to floor care, by 
definition, did not have a UIA. 

‘The charts of all 71 UIA patients were reviewed in 
detail by the senior author (D.J.C.) to characterize the 
problem for which unexpected ICU admission was 
required and the patient’s hospital course. Recorded 
data included age, ASA-PS, ICU class (4,5), whether 
the event was temporary or permanent, ICU and 
hospital length of stay, and whether the event oc- 
curred before or after pulse oximetry was introduced 
in all anesthetizing locations. These recorded data 
were based on entries made on the medical record 
and were not independently validated. However, all 
patients admitted to the ICU from the RR or those 
bypassing the RR have a lengthy medical and nursing 
admission note placed by the ICU physicians and 
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nurses, and in most cases, a follow-up note by the 
primary anesthesiologist. We determined the reason 
for the UIA from these specific commentaries and 
from our review of the anesthesia record, the sur- 
geon’s and consultant’s notes, and any other miscel- 
laneous information that contributed to our under- 
standing of the nature of the problem. For example, it 
was clear when a patient was admitted to the ICU to 
rule out myocardial infarction (MJ), as this was stated 
clearly in the admitting notes, the cardiology consult, 
the laboratory data that was obtained, and the fol- 
low-up information as the patient was ruled out for 
MI. Similarly, a patient who was admitted to the ICU 
because of unexpected intraoperative hemorrhage 
was easily distinguished from other categories of 
patients because the need for blood and volume 
resuscitation was clearly placed in the nursing notes, 
was stated in the reason for admission and the 
admitting notes, and was followed up by the exten- 
sive progress notes in the chart. Although the chart 
review was retrospective, we began with no hypoth- 
esis as to which etiologies requiring ICU admission 
would be affected by pulse oximetry. Only after all 
the data were collected did we then separate the 
patients into those who had UIAs before and after 
pulse oximetry was instituted. 

During the first 28 wk of the study, only seven 
pulse oximeters were available for shared use in 51 
ORs, primarily by the sicker patients who were most 
likely to be admitted electively and directly to ICUs, 
and thus would have bypassed the study. For the 
subsequent 37 wk, pulse oximeters were placed and 
used in essentially all patients in all 51 anesthetizing 
locations. Pulse oximeters were not available in the 
RR at that time though, on rare occasions, one could 
be brought from the OR if specifically requested for 
an airway problem. 

Statistical analysis was performed using Z tests for 
proportions. Multivariate relationships were mod- 
eled using logistic regression analysis; age and 
ASA-PS were entered as graded variables, each with 


‘three equally spaced levels. For ASA-PS, we used 


ASA-PS I, ASA-PS IE, and ASA-PS II and IV as our 
three levels. For age category, we used age <41, 
41-65, and >65 yr as our three levels. 


Results 


There were 17,076 patients admitted to the RR; 17 
additional patients bypassed the RR for direct but 
unanticipated admission to the ICU after elective 
surgery. Seventy-one of the 17,093 patients (0.42%) 
experienced a UIA and constitute the main focus of 
this study. 

Table 1 shows the specific events that contributed 
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Table 1. Etiology of Specific Recovery Room Impact 
Events Resulting in an Unaniticipated Intensive Care 
Unit Admission 


Rule out myocardial infarction 20 


Bleeding 12 

Respiratory problems 
Difficulty with ventilation 
Airway obstruction 
Bronchospasm 
Difficult intubation 

. Hypoxia 

Hypotension 

Stroke 

Hypovolemia 

Cardiac arrest 

Seizure 

Congestive heart failure 

Hypothermia 
Total 


jt 
Bee tw WAR om OP 


X. 


Table 2. Long-Term Results of Patients With an 

Unanticipated Intensive Care Unit Admission" 

Temporary setback that © él 
prolonged full recovery 

Permanent setback with 2 
prolonged neurologic 

dysfunction (one due to 

hypoxia 

Permanent setback leading to 8 

death | 


“n= 71, 


to a UIA; respiratory problems (n. = 22), postopera- 
tive bleeding (n = 12), and possible myocardial isch- 
emia leading to a rule-out MI protocol (n = 20) (all of 
whom were ruled out for MI) were the most common 
reasons for a UIA. Sixty-one UIA patients had a 
temporary problem, though it may have prolonged 
full recovery (Table 2). One event that occurred 
before pulse oximetry was available led to a UIA 
resulting in a permanent deficit with prolonged but 
minimal brain damage (6). The eight deaths resulted 
from surgical complications and/or the natural course 
of the patient’s disease, not from the anesthesia- 
related event. 

Having categorized these 71 UIA patients by an 
ICU classification system about which a great deal is 
known (4,5) (Table 3), most of these UIA patients 
were not critically ill. Thirty-seven of the 71 UIA 
patients were class II, i.e., primarily in the ICU for 
observation and monitoring, rather than for active 
therapy. Thirty-two patients were class II, requiring 
intensive nursing care despite a stable medical con- 
dition, and were discharged from the ICU within 1 or 
2 days. Only two patients were class IV on admission 
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Table 3. Intensive Care Unit Admission Class of 
Unanticipated Intensive Care Unit Admission 


Class [—Intensive monitoring only 37 
Class I1]—Intensive nursing care 32 
Class IV—Intensive medical care f 
n= 71, 

Table 4. Length of Intensive Care Unit Stay in 
Unanticipated Intensive Care Unit Admission Patients 

All patients ASA IM ASA IIVIV 

n=71 n= 38 n = 33 

1 Night 49 Oo 5 24 
2 Nights ' 18 10 8 
3 Nights. 1 1 0 
>7 Nights 3 2 1 
Table 5. Postoperative Length of Hospital Stay in 
Unanticipated Intensive Care Unit Admission Patients 

All patients ASA Vl ASA HIV 

n= 71 n= 38 n = 33 

<1 Week 22 10 12 
1-2 Weeks 21 12 9 
2-4 Weeks 17 10 7 
>4 Weeks 11 6 5 


to the ICU. One of these patients suffered the inevi- 
table result of his disease process, and one patient 
had anesthetic-related hypoxic brain damage. As 
expected from the low level of critical illness demon- 
strated by this patient cohort, most patients (49/71) 
spent only one night in the ICU (Table 4). Sixty-one 
UIA patients were discharged from hospital within 
1 mo (Table 5). Median hospital length of stay was 12 
days. 

Both ASA-PS and age were associated with the 
frequency of UIAs, which increased from 0.05% in 
ASA-PS I patients to 1.48% in ASA-PS III/IV patients 
(Figure 1). Similarly, the incidence of ULA was signif- 
icantly higher in patients older than 65 yr of age 
(1.02%) than in those less than 41 yr of age (0.06%) 
(Figure 1). Both increasing age (P = 0.0047) and 
ASA-PS (P = 0.0002) independently related to an 
increased incidence of UIAs (logistic regression anal- 
ysis). For each one-step increase ini age category, 
holding ASA-PS constant, the probability of a UIA 
increased by a factor of 1.82 (95% CI = 1.54-3.38). For 
each one-step increase in ASA-PS, holding age cate- 
gory constant, the probability of a UIA increased by a 
factor of 2.33 (95% CI = 2.18-5.12). Fifty-six of 71 
(79%) patients with a ULA were either more than 65 yr 
of age or had ASA-PS III/IV, or both, although overall 
only 5543 of 17,093 (32%) patients were more than 


i 
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2% | 
2/4049(0.05%) 


<4 ™ 


0/1428 


E 


© ” 
< 41-65 1% 


1/196(0.51%) 
>65 l 


11/3776(0.29%) 





18/2854(0.63%) | 
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2/2297(0.08%) 


11/849(1.3%) 


26/1366(1.9%) 


Figure 1. The frequency of a “serious outcome” antaa intensive care unit admission) is shown as a function of increaning 
American Society of Anesthesiologists Physical Status and age. The percent of patients with a “serious outcome” increased pennenty 
as age (P = 0.0047) and ASA-PS (P = 0. 00002) increased (logistic regression). 


Table 6. Effect of American Society of Anesthesiologists 
Physical Status on Outcome Measures 


ASA ASA 

vi WIV Z P 
All patients (n) 14,600 2,493 
UIA (n) 38 | 33 
Rate/10,000 26 132 7.06  <0.0001 
Bleeding (n) 7 5 
Rate/10,000 4.8 20.1 2.65 0.004 
Rule-out-MI (n) 12 8 
Rate/10,000 8.2 32.1 3.22 0.0006 
Became ICU class 3 (n) 17 20 
< Rate/10,000 11.6 80.2 6.8 <0.0001 
Died during 2 7 
hospitalization (n) 
Rate/10,000 1.4 28.1 534 <0.0001 


UIA, unantictpated intensive care unit admission; MI, myocardial in- 
farction; ICU, intensive care unit. 


65 yr and/or ASA-PS III/IV (P < 0.0001). Of the 17,093 
patients anticipating admission to the routine RR 
after anesthesia and surgery, approximately six times 
as many were ASA-PS I/I (n = 14,600) as were 
ASA-PS TI/AV (n = 2493) (Table 6). Yet, nearly half of 
the UIAs occurred in ASA III/IV patients (33/71, P < 
0.0001). More ASA-PS III/IV patients per 10,000 were 
UIAs for bleeding (P = 0.004) or to rule out an MI 
(P.= 0.0006). ASA-PS III/IV patients who experienced 
a UIA were seven times more likely to become ICU 
class 3 patients than were ASA I/II patients (P < 


0.0001). ASA-PS III/IV patients who required unex- 
pected ICU admission were 20 times more likely to 


die during their hospitalization than ASA I/II patients 


who had a UIA (P < 0.0001). There were no signifi- 
cant differences between ICU length of stay and 
postoperative hospital length of stay. comparing 
ASA-PS III/IV patients and ASA-PS I/II patients who 
had UIAs (Tables 4 and 5). 

Monitoring all patients with pulse oximetry was 
associated with a significantly lower rate of UIAs, just 
as it was associated with a lower frequency of all 
RRIEs in the previous study (2) (Figure 2) (Table 7). 
Forty-six ULAs occurred in 7181. patients during the 
28 wk before pulse oximetry was introduced (64 per 
10,000 patients), whereas 25 UIAs occurred in 9912 
patients during the 37 wk after pulse oximetry was 
introduced (25 per 10,000 patients) (Z = : 3. 9, P < 
0.0001). 

In the 28 wk before pulse oximetry, the. UIA rate to 
rule out MI was 19 per 10,000 patients; in the 37 wk 
after the introduction of pulse oximetry, the rate was 
6 per 10,000 patients (P = 0.0037). There were rip 
sipnificant differences preoximetry to postoximetry in 
patients with UIAs from bleeding or ventilation prob- 
lems, but with the small number of cases, the confi- 
dence intervals are wide and a substantial decrease 
could exist but fail to be demonstrated by this study. 
[Bleeding problems: change = —4.7 + 8.6 cases per 
10,000. Ventilations aren change = —9 + 11.7 
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PULSE OXIMETRY 
BEGINS 


A M J A Sept 
1986 1986 
I 
25/10,000 
| (p= 0.0001) 


Figure 2. The number of UIAs per month is depicted before and after the introduction of pulse oximetry. The number of UIAs decreased 


significantly after pulse oximetry was introduced. 


Table 7. Effect of Pulse Oximetry on Outcome Measures 


Preoximetry Postoximetry 


(n) (n) Z P 

All patients 7,181 9,912 

UIA 46 25 

Rate/10,000 64.1 25.2 3.9 <0.0001 
Rule-out-MI 14 6 

Rate/10,000 19.5 6.05 2.68 0.0037 
Bieeding problems 7 5 

Rate/10,000 9,73 5.04 1.15 0.1251 
Ventilatory problems 13 9 

Rate/10,000 18.1 9.1 1.62 0.0526 
Other 12 5 2.38 0.0089 
Rate/10,000 16.7 5.04 

ICU class 3 19 13 

Rate/10,000 26.5 13.1 1.815 0.0351 
Died during 5 4 

hospitalization 
Rate/10,000 7 4 0.83 0.2033 


UIA, unanticipated intensive care unit admission; MI, myocardial in- 
farction; ICU, intensive care unit. 


cases per 10,000.] There were also no differences in 
the distribution of patients by ASA-PS or age cate- 
gory in the preoximetry to postoximetry period. Al- 
though significantly more UIA patients became ICU 
class 3 before oximetry, there was no difference in 
hospital mortality rate preoximetry to postoximetry. 


Discussion 


Of the 17,093 patients expected to enter the routine 
RR after anesthesia and surgery, 71 (0.42%) suffered a 
UIA, including one previously healthy patient who 
suffered a small degree of permanent neurologic 
impairment as a result of an hypoxic event. 

Patients electively admitted to an ICU were not 
included in this study. Most such patients have little 
physiologic reserve, so it is difficult to determine 
which events are “expected” versus “unexpected” 
during a major surgical and anesthetic intervention. 
By reviewing all direct admissions to our two noncar- 
diac surgical ICUs from the OR during this study, we 
strongly believe that no UIA patients were missed. 

It is intriguing to compare our results with those at 
a single, tertiary care hospital in Canada (7,8). Their 
overall morbidity was 17.5% of patients who suffered 
some form of anesthetic complication, most of which 
were minor. This is very similar to our RRIE rate of 
18% (2). Cohen and Duncan defined major complica- 
tions as events that were life threatening, that pro- 
longed hospitalization, or that left lasting morbidity. 
Their rate of major complications was 0.45%, similar 
to our UIA rate of 0.42%. Although our definition of 
a UIA differs from their definition of a major compli- 
cation, both attempt to define an intermediate out- 
come, something less than death or severe perma- 
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nent brain damage. Thus, our results and theirs 
represent a similar magnitude of effect. 

`, As was first shown by Cohen and Duncan (9), the 
frequency of anesthetic complications increased with 
ASA-PS. Keats (10) has called for stratifying popula- 
tions and grading outcomes of anesthesia, and both 
of these techniques were incorporated in this study. 
Stratifying by age and ASA-PS demonstrated that 
most elderly ASA-PS TII/IV patients are unlikely to 
have a UIA (less than 2% of those patients older than 
65 yr and ASA IN/IV suffered a UIA). However, when 
a UIA does occur, the elderly and ASA-PS III/IV 
patients are those most likely to be affected (Figure 1). 
The increased probability of UIA with increasing age 
and/or ASA-PS indicates the importance of these two 
variables in the frequency of UIAs. However, we 
could not identify a pattern that would predict which 
of the older, sicker patients would be admitted to the 
ICU. Perhaps studies at institutions, that concentrate 
more on this population could demonstrate patterns 
that lead to UIA. As most of the UIAs were tempo- 
rary, yielded a low level of critical illness compared to 
our usual ICU population, and required a short stay 
in the ICU, we believe the severity of anesthesia- 
related complications in the context of a large, acute 
general hospital is acceptably low. From the patient's 
or family’s perspective, one or two nights in an ICU 
being weaned from mechanical ventilation or being 
monitored to rule out an MI may be a frightening 
experience. However, to intensivists dealing with a 
wide spectrum of critically ill patients, the vast ma- 
jority of these UIA patients represented the least 
critically ill among an ICU patient population. The 
marginal cost’ of additional ICU ‘time adds to the 
overall cost of care, but was not addressed specifically 
in our study. ` 

In our previous study, we noted that there was 

“only weak evidence to support the conclusion that 
pulse oximetry was related to a lower rate of hypoten- 
sive and hypovolemic events” (2). This detailed re- 
view of a more serious outcome (UIA) strengthens 
the association between pulse oximetry and improve- 
ment in outcome, but does not prove a causal con- 
nection. Fewer patients were unexpectedly admitted 
to the ICU after pulse oximetry was initiated. There 
was no change in admitting policy during the time of 
the study: the clinical definitions or thresholds for 
admitting patients to an ICU did not change; and we 
see no reason why chart review would miss unantic- 
ipated admissions to the JCUs, as admission to the 
ICU is an explicitly defined outcome. We. are not 
aware of any change in the surgical patient popula- 
tion, anesthetic management, number of house of- 
ficers and their supervision, or quality of the surgical 
or anesthetic staff during the 65 wk of this study. As 
residents enter and leave our program on a staggered 
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Figure 3. The number of UIAs per given month is shown as a 
function of the average months of experience of our house staff, 
before and after pulse oximetry was introduced. There is no 
relationship between the average monthly sale ence 
and number of UIAs toed or postoximetry. @, July 1985- 


January 1986 (preoximetry); O, February 1986-September 1986 
(postoximetry). 


basis, we determined the overall months of experi- 
ence of our house staff before or after pulse oximetry 
was introduced and found no difference (Figure 3). 
Anesthesia staff turnover as well as leadership was 
stable as it has been before and since the study. Thus, 
we cannot account for external variables that might 
have changed preoximetry to postoximetry. 

What, then, can explain the decreased rate of 
UIAs? Those etiologies leading to a UIA that are not 
expected to change use of pulse oximetry, e.g., 
intraoperative or postoperative hemorrhage, were 
unaffected by the introduction of pulse oximeters in 
all ORs. However, the rate of rule-out-MI did de- 
crease significantly after introduction of pulse oxim- 
etry. Use of pulse oximetry probably identifies many 
hypoxemic, hypotensive, or low-perfusion states be- 
fore subsequent ischemic changes: occur, are recog- 
nized, or persist long enough to cause major concern. 
Either decreasing oxygen saturation or loss of signal 
should stimulate the. anesthesiologist to intervene, 
perhaps preventing the kind of electrocardiographic 
events that typically result in an order for a rule- 
out-MI protocol. 

Moller et al. (11) have also recently shown that 
myocardial ischemia, defined by angina or ST seg- 
ment depression, occurred in significantly fewer pa- 
tients monitored by pulse oximetry than in a control 
group who were nat monitored with pulse oximetry. 
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They, too, suggest an association between pulse 
oximetry, hypoxemia, and myocardial ischemia. 

Unanticipated ICU admissions, used as an anes- 
thesia outcome measure from the OR or RR to an 
ICU, has not been studied to determine its efficacy in 
identifying problems amenable to correction. How- 
ever, Sanazaro and Mills (12) assessed generic screen- 
ing including the unplanned transfer to the ICU, 
though it appeared that these unplanned transfers 
were from acute care wards, not from the RR or the 
OR directly. They noted the following: (a) The effec- 
tiveness of generic screening and quality assessment 
largely depends on the validity of peer review, which 
has been seriously questioned by numerous authors. 
(b) Generic screening lacks any inherent relationship 
to the quality of patient care. The number of patients 
transferred to ICUs has no direct implications for 
quality. Only after the reasons for transfer are known 
and analyzed can the findings be used to assess 
quality. Our attempts to examine the reasons for 
transfer did not yield useful trends in assessing 
quality of care. (c) Generic screening does not pro- 
duce the type and quantity of data needed to decide 
whether the overall performance of individual staff 
members warrants continuing their clinical privi- 
leges. It can only identify the rare practitioner who 
has a readily observable series of serious complica- 
tions. As our study was anonymous, we did not 
attempt to identify any practitioners, and thus could 
not evaluate a series of serious complications appli- 
cable to one practitioner. We expected that review of 
UIAs, an explicit outcome measure, would yield 
more information relevant to clinical practice than the 
review of all RRIEs because extraordinary measures 
are used when caring for patients unexpectedly ad- 
mitted to an ICU, higher costs are incurred, and the 
impact on patients, families, and clinical personnel is 
much greater compared with RRIEs, 99.58% of whom 
recovered with routine clinical management. Using 
UIAs as an outcome measure to test the effect of one 
intervention, pulse oximetry, we did not identify any 
specific problems, patterns, or indications of deficien- 
cies in patient care that require remediation. Ironi- 
cally, a single event, the hypoxia case mentioned 
earlier, had far more departmental impact than re- 
porting UIAs. That patient was not monitored with 
pulse oximetry because pulse oximetry was unavail- 
able routinely at the time. That incident led the 
department to immediately purchase pulse oximeters 
for all ORs, a decision that was implemented in toto 
at the 29th week of our study. Perhaps more inten- 
sive, immediate investigation using information not 
typically documented in the medical record (e.g., 
interviews) would have identified problems requiring 
and amenable to remediation. 

The feasibility and acceptability of prospectively 
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identifying specific complications by using existing 
review mechanisms, for example, concurrent utiliza- 
tion review, has been demonstrated in many hospi- 
tals. Prompt identification of all complications has 
three major advantages. First, the data are more 
complete than those found in records; second, timely 
data collection permits prompt peer review of all 
serious complications and intervention and care if 
indicated; third, identifying specific outcomes as they 
occur facilitates accurate compilation of numerator 
data for calculating the incidence of each complica- 
tion (12). 

This study has established the incidence of UIAs in 
a large teaching hospital. As no standard exists to 
examine anesthesia morbidity as a measure of out- 
come, these data represent only a first step in quan- 
tifying anesthesia-related quality of care. Because 
each hospital’s practice pattern differs in a number of 
ways—e.g., surgical disease, definitions of complica- 
tions and outcome, patient mix and acuity, use of 
invasive procedures, skill level of medical and nurs- 
ing personnel and whether all patients are admitted 
to a RR or some bypass the RR to an ICU—UIA rates 
will not be directly comparable. Anesthetic complica- 
tions are already extremely low in terms of long-term 
sequelae and serious outcome (13). Efforts to identify 
and reduce still further the occurrence of the rare but 
disastrous complications are still needed. 

In summary, we have (a) reported a rate of UIAs, 
(b) shown that pulse oximetry was associated with a 
lower overall rate of UIAs and, specifically rule-out- 
MIs in our institution, (c) identified the magnitude of 
additional risk for UIA as ASA-PS and age increased, 
and (d) questioned the usefulness of UIA as a generic 
screen. 
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In human volunteers, the response times of 11 pulse 
oximeters to a 10% step reduction in arterial oxygen 
saturation were measured using an acute decompres- 
sion technique. When finger probes were used, nine 
oximeters had similar response times and two were 
significantly slower (P < 0.05). The ear probe re- 
sponse time was similar on six oximeters assessed, 
and faster than the finger probes. The response times 
of the oximeters to an acute increase in arterial 
saturation were tested by suddenly changing the 

gas from air to 100% oxygen at an ambient 
pressure of 380 mm Hg. For ear probes, the response 


ulse oximeters have transformed practice in 

anesthesia and intensive care by providing a 

continuous indication of arterial oxygen satura- 
tion. Several studies have suggested that there may 
be a significant delay between changes in alveolar 
oxygen tension and a change in the oximeter reading 
(1-3). If alveolar oxygen tension is decreasing rapidly, 
actual arterial saturation might decrease to low values 
before any warning is given by the oximeter. In a 
theoretical study using the MacPuf computer model 
of the cardiorespiratory system, Verhoeff and Sykes 
(4) found that a delay of 1 min between a change in 
alveolar oxygen tension and an indication on the 
oximeter could potentially result in damaging hy- 
poxia. 

To measure the response time of an oximeter, the 
arterial saturation must be changed as rapidly as 
possible: the ideal is an instantaneous step from one 
saturation to another. Severinghaus et al. (1,2) pro- 
duced rapid changes in arterial saturation by asking 
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times were similar for all oximeters; for finger probes, 
three fast-responding and three slow-responding 
oximeters were identified (P < 0.05). A faster re- 
oe could be elicited by placing the probes on the 
umb (P < 0.05). We conclude that if a rapid 
indication of changes in arterial saturation is re- 
quired, pulse oximeters with ear probes should be 
used. If finger probes are used, they should be placed 
on the thumb. The oximeter used will influence the 
response time if finger probes are used, but it will 

have little effect if ear probes are used. 
(Anesth Analg 1992;74:189-95) 


volunteers to hyperventilate voluntarily while breath- 
ing hypoxic gas mixtures. The inspired gas mixture 
was adjusted breath-by-breath to achieve the fastest 
possible decrease in alveolar oxygen tension and 
hence arterial saturation. Using this method, the rate 
of decrease of alveolar oxygen tension and hence 
arterial saturation depends not only on the inspired 
oxygen tension but also on the alveolar ventilation 
and functional residual capacity, which may differ 
between subjects. However, if the ambient pressure 
is rapidly reduced, the partial pressure of oxygen in 
the alveoli will also decrease in proportion, simulta- 
neously producing a decrease in alveolar oxygen 
tension independent of either functional residual 
capacity or alveolar ventilation. This step decrease in 
barometric pressure can be achieved by decompres- 
sion of a hypobaric chamber. 

The total response time of an oximeter to a step 
change in alveolar oxygen tension has two compo- 
nents. First, the blood has a transit time from the 
lungs to the probe site, and second the oximeter takes 
a period of time to sense and display a change in 
saturation. This latter delay, which we have termed 
the machine response time, depends on the design of 
the oximeter and the algorithms used for filtering and 
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artifact rejection in the oximeter software. If several 
oximeters are placed on the fingers of the same 
subject and the arterial saturation is then changed 
abruptly, a measure of the machine response times 
relative to one another can be obtained if the circula- 
tion time to all the oximeter probes is assumed to be 
the same. Because the circulation time is difficult to 
determine, mathematical evaluation of the actual 
machine response time cannot be performed. How- 
ever, comparison of the individual total (machine + 
circulation) response times to the averaged total re- 
sponse time for multiple oximeters on one subject 
gives a useful method of ranking oximeter response 
times. The mean total response time for all the 
oximeters consists of the circulation time added to the 
mean of all the machine response times. By subtract- 
ing the mean total response time for one subject from 
the response time of any individual machine, the 
circulation time is cancelled out. This leaves a value 
indicating how much faster or slower any oximeter 
machine response time is compared with the mean 
machine response time for all the oximeters. 


Methods 


Thirteen oximeters from 10 manufacturers were stud- 
ied, with a total of 21 different probes. The oximeters 
were either loaned by the manufacturers or were in 
clinical use at our institution. Details of the machines 
are listed in Table 1. We had one model from each 
manufacturer except Kontron who supplied us with 
three identical oximeters to allow simultaneous com- 
parisons of their probes and Ohmeda who supplied 
two models to test. All oximeters were operated 
according to the manufacturer’s instructions. If the 
averaging time could be varied, it was set to the 
shortest time period. An analogue output was stan- 
dard for all oximeters except the Novametrix, to 
which an analogue output adaptor module was 
added. 

The study was performed in a hypobaric facility at 
the Royal Air Force Institute of Aviation Medicine. 
This chamber is normally used for studies in altitude 
physiology and the assessment of life support equip- 
ment. It comprises a test chamber containing the 
subjects, connected via a valve to a reservoir cham- 
ber. The reservoir chamber is evacuated to a preset 
subatmospheric pressure. When the valve between 
the chambers is opened, the pressure in the test 
chamber rapidly decreases. For these experiments the 
test chamber was initially slowly evacuated to a 
pressure of 565 mm Hg (74.3 kPa) absolute (equiva- 
lent to 8000 ft altitude), corresponding to an inspired 
oxygen partial pressure of 108 mm Hg (14.2 kPa). The 
subjects were then decompressed over 3 s to an 
ambient pressure of 380 mm.Hg absolute (50 kPa or 


ANESTH ANALG 
1992;74:189-95 
Table 1. Machine Data 
Number On Averaging 
Oximeter Probes used of tests loan? time 
Kontron 7840 Neonatal 10 Yes 4 beats 
(3 machines) Pediatric il 
Adult 10 
Reflectance* 11 
Ear 9 
Minolta Pulsox-7 Finger 12 Yes Not stated 
Far 6 
Physiocontrol Finger 11 Yes Not stated 
Lifestat 1600 Ear 8 
Critikon Oxyshuitle Finger 15 Yes Beat-to-beat 
Ear 2 
Novametrix type Finger 17 Yes 28 
515 
Datex Satlite Finger 16 No Not stated 
Datascope Accusat Finger 11 Yes Not stated 
» Ear 8 
Nonin 8604 Finger 14 Yes Not stated 
Ohmeda 3700 Finger 11 Yes 3s 
Ear 7 
Ohmeda 3740 Finger 11 No 3s 
Nelcor N200° Finger 13 No 2-35 


“Prototype finger transmittance/reflectance probe supplied by Kontron. 
’Only two runs with ear probe owing to error in randomization. 
‘Used without electrocardiographic synchronization (C-lock). 


18,000 ft). After decompression, the inspired oxygen 
partial pressure was 69 mm Hg (9.1 kPa) and might 
be expected to produce a decrease in arterial satura- 
tion from 93% to 72% (5). 

Eleven nonsmoking, healthy men aged 18-43 yr 
were studied. They were recruited from the staff of 
the Institute and Royal Air Force personnel. All 
subjects had previous experience of decompression. 
They had no history of hemoglobinopathies. Twenty 
decompressions were performed, so nine subjects 
were studied twice. No subject was decompressed 
more than once on the same day. Each subject in turn 
was seated in the chamber, with his hands resting on 
the arms of the chair. A continuous noninvasive 
blood pressure monitoring system (Finapres, Oh- 
meda) was used throughout with the cuff attached to 
the index finger of the right hand. 

An aircrew helmet and mask were fitted, with the 
inlet hose of the mask open to ambient chamber air. 
The mask provided support for the gas sampling 
probe that was passed through a port in the mask to 
a point in front of the lips. This was connected to a 
respiratory mass spectrometer (Centronics 007) to 
monitor inspired and end-tidal oxygen and carbon 
dioxide tensions. A communication system fitted in 
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the mask and helmet allowed the subject to commu- 
nicate with the experimenters outside the chamber. 

- Each subject was fitted with 11 oximeter probes, 
one on each finger (except the right index finger) and 
one on each ear. The probe and site combinations 
were randomized. The hands were covered to ex- 
clude ambient light and the helmet covered the ear 
probes. The leads from the probes, the noninvasive 
blood pressure monitor, and the sampling probe for 
the mass spectrometer passed through a seal in the 
chamber wall to the instruments that were positioned 
outside the chamber. 

The analogue outputs from the oximeters passed 
to three 8-channel pen recorders. Each recorder also 
recorded a synchronizing signal, and a chamber 
pressure signal. The electrocardiogram, arterial blood 
pressure, and oxygen and carbon dioxide tension at 
the lips were also recorded. The mass spectrometer 
was calibrated against gas standards at a pressure of 
380 mm Hg to avoid any nonlinearity in response 
owing to changing pressure at the sampling probe. 
The oximeter channels were calibrated using a volt- 
age standard according to the oximeter manufactur- 
er's specifications, except for the Nonin which gen- 
erated its own calibration voltages. 

After the apparatus had been checked and cali- 
brated, the chamber was sealed and slowly decom- 
pressed to 565 mm Hg. When all the oximeter read- 
ings had stabilized, the subject was decompressed to 
380 mm Hg over 3 s. The decrease in pressure was 
exponential, so most of the change occurred within 
the first 2 s. This pressure was maintained for 5 min 
with the subject breathing air. An aircraft oxygen 
system delivering 100% oxygen was then connected 
to the mask hose, and the subject was instructed to 
hyperventilate. When the readings on the oximeter 
were stable (usually 30-40's later), the experiment 
was terminated and the chamber was slowly recom- 
pressed to atmospheric pressure. 

For all the decompressions, a safety officer (breath- 
ing oxygen-enriched air) was present with the subject 
in the chamber. The study was approved by the 
Ethics Committee of the Institute of Aviation Medi- 
cine, and all subjects gave written informed consent. 

For each decompression run, a baseline reading at 
565 mm Hg ambient pressure for each of the nine 
oximeters with finger probes was recorded from the 
paper chart. The baseline reading was taken as the 
mean saturation value for 5 s before decompression. 
The time taken for the saturation reading to decrease 
by 10% from the baseline was then recorded for each 
of the nine oximeters. Statistical analysis was per- 
formed on the total response times using an unbal- 


anced analysis of variance that assumed three addi- ` 


tive effects: the decompression run, the oximeter, and 
the finger paee: The response ‘times were logarith- 
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mically transformed before analysis to ensure nor- 
mality of the residual values. 

The response times for each decompression run 
were averaged to give the mean times for all nine 
oximeter readings to decrease by 10%. The mean 
times were subtracted from the individual oximeter 
response times. This gave the difference in response 
time for each of the nine oximeters from the mean . 
response time for that decompression run (relative 
response time), which is a measure of the machine 
response times of the oximeters independent of the 
circulation time. The relative response times for each 
use of the same oximeter/probe combination were 
averaged for all the decompression runs to give the 
final result. 

To compare two machines, their relative response 
times can be subtracted (noting sign) and the result 
interpreted as “on average oximeter X will show a 
10% decrease in saturation Y seconds faster (or 
slower) than oximeter Z.” The statistical significance 
of this result is determined by the analysis of vari- 
ance. 

To test the response to a stepwise increase in 
saturation caused by a sudden increase in inhaled 
oxygen tension, a similar analysis was performed 
except the analysis of variance was undertaken with- 
out logarithmic transformation of the results. The 
baseline for each oximeter was the mean reading for 
5 s before the first breath of oxygen (as determined by 
an increase in the inspired oxygen tension measured 
by the mass spectrometer).. 

Ear probes were. available for six of the oximeters. 
Only two ear probe/oximeter combinations were 
studied for each decompression. The analysis de- 
scribed above for removing the effect of circulation 
time for finger probes was not appropriate in’ this 
circumstance, so the mean total (decompression to a 
10% decrease in saturation) response times were 
calculated for all the uses of each ear probe/oximeter 
combination. An analysis of variance was used to 
separate the effects of probe site (left or right ear), 
oximeter, and decompression run after logarithmic 
conversion of the data. A t-test was used to deter- 
mine if the total response time was significantly 
different using the same oximeter with ear and finger 
probes. 

A value for alena saturation was calculated from 
the end-tidal oxygen and carbon dioxide tẹnsions 
using the formula described by Severinghaus and 
Naifeh (1). This assumes that the subject. is at 37°C 
and has normal values for acid-base status, hemoglo- 
bin oxygen affinity, and alveolar-to-arterial oxygen 
tension gradient. This value. was calculated breath- 
by-breath for the whole decompression period. — 
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Time difference from mean (8) 
Figure 1. The relative time taken to show a 10% decrease in 
saturation after acute decompression. The oximeters were fitted 
with finger probes. The response times are the mean relative 


response times, as explained in the text. The error bars indicate one 
standard deviation. 


Results 


For a 10% decrease in saturation using finger probes, 
the Oxyshuttle and Minolta machines had a signifi- 
cantly slower response time than all the other oxime- 
ters except the Physiocontrol, using a significance 
level of P < 0.05. The response time of the Physio- 
control was not significantly different from any other 
oximeter. There was no significant difference be- 
tween the finger used or between the different 
probes on the Kontron machines. The relative re- 
sponse times are shown in Figure 1. The mean delay 
between the fastest (Kontron with a pediatric finger 
probe) and the slowest -(Oxyshuttle) was 38 s. Total 
(circulation + machine) response times ranged from 
17 to 150 s. 

For a 10% increase in saturation, the Physiocon- 
trol, Minolta, and Novametrix oximeters were signif- 
icantly (P < 0.05) slower than the Kontron and Datex 
oximeters. The Minolta oximeter was also signifi- 
cantly slower than the Nelcor and Ohmeda 3700 
oximeters. No other comparisons between oximeters 
were statistically significant. The probe placed on the 
thumb had a significantly faster response time than 
that placed on the other digits. The relative response 
times are shown in Figure 2. 

The mean total response time for the ear probes 
(the time between the beginning of decompression 
and a 10% decrease in the saturation reading) are 
shown in Figure 3. Only six oximeters with ear 
probes were available for testing. The Oxyshuttle 
probe was only tested twice, so no error bars are 
shown on the diagrams for this machine. The differ- 
ence in total response time between the mean values 
of the fastest and slowest oximeters for a 10% de- 
crease in saturation was 61.5 s. The Accusat and 
Minolta oximeters were significantly faster when 
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Time difference from mean (8) 


Figure 2. The relative time taken to show a 10% increase in 
saturation after a sudden change from air to 100% oxygen as the 
inspired gas at 380 mm Hg ambient pressure. The oximeters were 
fitted with finger probes. The response times are the mean relative 
response times, as explained in the text. The error bars indicate one 
standard deviation. 
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Time delay in response (8) 
Figure 3. The total time taken for oximeters fitted with ear probes 
to indicate a 10% decrease in saturation after acute decompression. 
The error bars indicate one standard deviation. Only two determi- 
nations were made using the Oxyshuttle, so no error bar is shown. 


100 120 


used with ear probes compared with finger probes 
(P < 0,02). . 

The total response times for a 10% increase in 
saturation using ear probes are shown in Figure 4. 
For both an increase and decrease in saturation, there 
was no statistically significant difference between 
oximeters or between the ear used. 

The means of all saturation readings for all subjects 
for ear and finger probes for the whole experiment 
are shown in Figure 5. The mean saturation calcu- 
lated from the end-tidal gas tensions from all runs is 
also shown. For both the decrease and increase in 
saturation, the ear probe response precedes the 
finger probe response but both are nearly parallel. As 
the decompression period proceeds, the mean mea- 


‘sured saturation decreases more rapidly than the 


calculated saturation, and hence the two values di- 
verge. 


a. 
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Time délay in response (s) 
Figure 4. The total time taken for oximeters fitted with ear probes 
to indicate a 10% increase in saturation after a sudden ek oi in 


gas from air to 100% oxygen at 380 mm Hg ambient 
pressure. The error bars indicate one standard deviation. 


Discussion 


Rapid changes in alveolar oxygen tensions can be 
achieved either by acute decompression or by breath- 
ing hypoxic gas mixtures. There are theoretical ad- 
vantages to using acute decompression rather than 
hypoxic gas mixtures to produce a step change in 


` arterial saturation. The change in alveolar oxygen 


tension, and hence arterial oxygen tension and satu- 
ration, is independent of respiratory rate, alveolar 
ventilation, and functional residual capacity and can 
be predicted from the change in chamber pressure. 
However, the safe limits for pressure changes during 
decompression restrict the magnitude of the step 
change in alveolar oxygen tension. The initial decom- 
pression to 565 mm Hg used in these experiments 
ensured the initial arterial oxygen tension was close 
to the steep portion of the oxyhemoglobin dissocia- 
tion curve, and any further reduction in arterial 
oxygen tension would cause a large change in satu- 
ration. Using this technique, the arterial saturation 
calculated from end-tidal gas tensions decreased from 
an average of 97% to 87% in the time between 
decompression and the first breath after decompres- 
sion (approximately 3 s). A larger step change in 
saturation would have required an unacceptably 
large pressure change during decompression. This 
10% change contrasts with the 21% change that we 
predicted from published data (5), although the mea- 
sured saturation finally decreased to an average of 
76%.-We believe this is caused in part by the mixed 
venous blood returning to the lungs with an oxygen 
partial pressure as high or higher than the alveolar 
oxygen tension during and after decompression. 
Thus during acute decompression, the alveolar oxy- 
gen tension will rapidly decrease to a level close to 
the mixed venous tension. The alveolar oxygen ten- 
sion will then be buffered by the mixed venous blood. 
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The alveolar oxygen tension, and hence arterial sat- 
uration, will then decrease at a slower rate, depend- 
ing on alveolar ventilation, cardiac output, oxygen 
consumption, and blood oxygen carrying capacity. 
There is an obvious biphasic response of saturation to 
acute decompression (Figure 5). The initial rapid 
decrease in saturation is followed by a slower, nearly 
linear decrease over the course of the experiment. 
The values quoted for arterial oxygen saturation at 
various altitudes (5) are measured at equilibration 
and hence are closer to the values found at 3 min than 
those found just after acute decompression. 

Severinghaus et al. (1,2) attempted to produce a 
rapid decrease in alveolar oxygen tension by hyper- 
ventilating their subjects with hypoxic gas mixtures. 
The initial inspired oxygen tension was very low, and 
they added more oxygen as the experiment pro- 
eressed to produce a hypoxic plateau. The resulting 
40%-50% decrease in (calculated) saturation took 
about 12 s. Thus the decompression technique pro- 
vides a very fast 10% decrease in saturation but is 
limited by safety considerations and the buffering 
effect of the mixed venous blood. The hypoxic mix- 
ture technique is subject-dependent but can be used 
to produce larger acute decreases in saturation. 

It is not possible to test the response times of 
oximeters to a step increase in saturation by using 
rapid increases in ambient pressure in the chamber 
used in these experiments. We therefore asked the 
subjects to breathe 100% oxygen to cause a rapid 
increase in arterial saturation. The calculated satura- 
tion was greater than 97% in all subjects after the first 
breath of oxygen. The oxygen tension of the mixed 
venous blood has no effect in this circumstance. 

By comparing each oximeter response time with 
the mean response time for each subject, the effects of 
the circulation time are removed. However, although 
this gives a set of values for the individual machine 
response times relative to the mean machine re- 
sponse time for that subject, it is not possible to 
calculate an absolute value for machine response time 
without a measure of the circulation time. We found 
a wide range of total response times (circulation + 
machine response times), indicating that there is 
probably a wide range of lung-finger circulation times 
in our subjects. The averaging method we used to 
remove the influence of circulation time would be 
most effective if the same oximeter probe combina- 
tions were tested on all subjects. In this situation, the 
mean machine response time would be expected to 
be the same for all subjects. We attempted to study a 
wide range of oximeter/probe combinations, and so 
the oximeters used on different subjects varied. The 
mean machine response time would thus be expected 
to vary between runs. This will increase the variabil- 
ity of the ‘results: if one run was performed using 
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Figure 5. The mean saturation for all 20 decompressions and all oximeters plotted against time. Acute decompression occurred at 0 s, and 
the subjects switched from air to 100% oxygen as the inspired gas at 300 s. The saturation calculated from the end-tidal gas tensions is also 
indie Each point for the calculated saturation is the mean of 20 determinations for the first 180 s and 19 for the remainder (the first subject 
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probe plot represents the mean of 179 for the first 180 s and 168 points for the 
eterminations. Standard deviations are not shown for clarity. There are no values 


for calculated saturation after the subjects started to breath supplemental oxygen (300 s) as the expired oxygen tension values exceeded the 


chart recorder scale. i 


predominantly slow oximeters, for example, the 
mean machine response time would be quite long 
and the difference between the mean machine re- 
sponse times and the response times for the slow 
oximeters would be small. We tried to minimize these 
factors, while testing a large number of oximeters, by 
using 20 decompressions. We believe that this effect 
may explain much of the variability in the results. 

The response time of an oximeter to a decrease in 
arterial saturation is clinically more important than 
the response to an increase in saturation. There was 
no clinically ‘or statistically relevant difference be- 
tween the response times of the majority of the 
oximeters tested. However, the Minolta and Oxy- 
shuttle machines appeared to have long response 
times to a step decrease in saturation. They took an 
average of more than 20s longer than other oximeters 
to indicate a 10% drop in saturation. The Minolta 
machine had an unusual response to changes in 
saturation, with no change for a long period and then 
suddenly a change of a few percent. This pattern 
repeated itself, so the output on the strip chart 
resembled a series of steps. 

The response time of an oximeter depends in 
part on the design of the hardware. Differences in 
hardware, such as probe design, the stability and 
accuracy of the light-emitting diodes used, and the 
design of the circuitry, could all affect response time. 
The three Kontron machines, which were all identi- 


cal, showed very little variation in response time 
regardless of the type of finger probe used. This 
probably indicates that for these machines, probe 
design has little effect on response time. Oximeters all 
contain microprocessors, and so software design also 
affects response time. Oximeter manufacturers use a 
smoothing algorithm that produces a “running aver- 
age” of saturation over a defined period (6) or num- 
ber of heart beats. The choice of algorithm is a 
compromise between speed of response and stability 
and accuracy. A long averaging period sacrifices 
speed af meaporse for stability, artifact rejection, and 
accura 

Ear probes had a faster mean total response time 
than finger probes (Figure 5): This finding confirms 
Severinghaus and Naifeh’s observations (1) and 
arises because the lung-ear circulation time is shorter 
than the lung-finger time. In clinical circumstances, if 
a rapid indication of arterial saturation is required, 
the eat is the obvious choice for probe site, and a 
rapidly responding oximeter such as a Kontron or 
Accusat should be used. When the same machine 
was comparéd with ear and finger probes, only two 
oximeters had statistically different response times. 
However, this was not an ideal test of the difference 
between probes because the ear and finger probes 
were tested on different individuals with differing 
circulation times, and this effect could. not be re- 
moved. 
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We originally planned to use the saturation calċu- 
lated from the end-tidal gas concentrations to test the 
accuracy of the oximeters. Severinghaus and Naifeh 
(1) showed calculated and measured saturations were 
closely correlated; however, they only performed 
short-term (50 s) experiments. It is obvious from 
Figure 5 that from about 45 s after decompression, the 
measured saturations and saturations calculated us- 
ing Severinghaus and Naifeh’s formula diverge. As- 
suming that the mean oximeter reading is the same as 
the true arterial saturation, this represents an increas- 
ing alveolar-arterial oxygen tension gradient after a 
rapid increase in simulated altitude, which is contrary 
to published results of slow decompression experi- 
ments (7,8). This may be due to either an increasing 
alveolar dead space or diffusion limitation of oxygen 
uptake. Either of these would result in an end-tidal 
oxygen level that was inappropriately high for the 
actual arterial saturation, and so the calculated satu- 
ration would be higher than the true saturation. It is 
not possible to separate these effects in this experi- 
ment. The practical consequence of these results is 
that arterial saturations calculated from end-tidal gas 
tensions in acute hypoxia experiments may not be 
accurate after about 45 s of hypoxia, and arterial 
blood samples will be required. 

In conclusion, an ear probe should be used if an 
early indication of a change in arterial saturation is 
required. If a finger probe is used, a rapidly respond- 
ing oximeter should be used with the averaging set to 
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a minimum time period or number of heart beats and 
the probe placed on the thumb. 
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Can Pulse Oximetry Be Used to Measure Systolic 


Blood Pressure? 
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This study evaluates the use of pulse oximetry to 
accurately monitor systolic arterial blood pressure in 
100 healthy volunteers, Determination of arterial 
blood pressure using oximetry was made at the 
disappearance of visual display upon blood pressure 
cuff inflation, at the reappearance of visual display 
upon cuff deflation, and by averaging the two. The 
blood pressures obtained oximetry were 
compared with the arterial blood pressures obtained 
by Korotokoff sounds. and noninvasive blood 
pressure equipment. Good agreement was obtained 


ulse: oximetry is a standard of care for general 

anesthesia (1). Besides providing arterial oxy- 

gen saturation, the equipment has been used in 
various clinical situations (e.g., assessing the effi- 
ciency of cardiopulmonary resuscitation, assessing 
the viability of reimplanted grafts, and as an alterna- 
tive to Allen’s test for ulnar artery patency) (2-4). Its 
use has also been reported for measurement of sys- 
tolic arterial blood pressure (SBP) in patients with 
Takayasu’s syndrome (5). 

The present study was undertaken to investigate 
whether the plethysmographic waveform of the pulse 
oximeter could be utilized to measure SBP. Attempts 
were made to ascertain whether good agreement exists 
between the oximetry-derived pressures and conven- 
tional techniques used to measure SBP. 


Methods 


This study was conducted in 100 healthy volunteers 
(50 men, 50: women) after informed consent and 
approval by our local Committee on Human Research 
had been obtained. Special care was taken to ensure 
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when the average of oximetry-based systolic blood 
pressure estimates at the disappearance and reap- 
pearance of the waveform were compared with Ko- 
rotokoff sound pressures and noninvasive equipment 
pressures. Thus pulse oximetry can be used to mea- 
sure systolic arterial blood pressure. This technique is 
specifically ee for patients with Takayasu’s 
syndrome (p ess disease) where conventional 
techniques often fail to monitor systolic arterial blood 
pressure. 

(Anesth Analg 1992;74:196-200) 


that individuals with a history of hypertension, dia- 
betes mellitus, peripheral vascular disease, and renal 
disease were excluded from the study. 

The SBP was measured by three techniques: using 
the plethysmographic waveform of the pulse oxime- 
ter (Ohmeda Biox 3700), by Korotokoff sound, and 
with oscillometric noninvasive blood pressure equip- 
ment (Colin BP 308, Mark II). The SBP was measured 
in the same arm for each volunteer while the subject 
was at rest and in the sitting position. Measurements, 
were performed approximately 2 min apart so as to 
enable adequate blood flow after each recording. 

An appropriate-sized blood pressure cuff attached 
to a sphygmomanometer was placed on one arm. The 
probe of the pulse oximeter was placed on the index 
finger on the same side; and the characteristic pleth- 
ysmographic waveform, heart rate, and oxygen sat- 
uration were displayed. The visual display of plethys- 
mography was assumed to be functioning normally 
once the heart rate displayed by the oximeter and the 
heart rate on the cardioscope corresponded. The 
blood pressure cuff was then gradually inflated in 
2-5-mm Hg increments until the plethysmographic 
waveform displayed by the oximeter just disap- 
peared. This was recorded as pressure at disappear- 
ance (BPpjs). The cuff was then inflated rapidly up to 
200 mm Hg and then gradually deflated in 2-5-mm 
Hg decrements until the plethysmographic waveform 
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Table 1. Summary of Systolic Blood Pressures Recorded 
by Various Techniques 


Mean + sD 
Technique adopted (mm Hg) 
Pulse oximetry derived 
Appearance of waveform (BP app) 111.1 + 13.6 
Disappearance of waveform (BPpys) 119.0 + 14.6 
Average of BPapp and BPprs (BPay) 115.1 + 13.4 
Korotokoff sounds (BP,) 115.5 + 13.2 
Noninvasive oscillometric blood pressure 115.9 + 11.6 
equipment (BP) 


reappeared on the visual display. This was recorded 
as pressure on appearance of the waveform (BP app). 

Lawson et al. (6) observed that the oximeter func- 
tion ceased once the occluding pressure during infla- 
tion reduced the relative blood flow to 8.6% of the 
original blood flow. A relative flow of only 4% of the 
baseline was required to restart the oximeter func- 
tion. Thus for the oximeter to detect signals, the 
relative blood flows during inflation and deflation 
were different. Therefore, the average value of BPpys 
and BP,pp was calculated and recorded as BPay. 

The SBP was also measured in the same arm by 
auscultation of Korotokoff sounds. The measurement 
was made by the same observer (who was not aware 
of the SBP readings obtained by oximetry) and was 
recorded as BP,. The last reading of SBP was ob- 
tained using oscillometric noninvasive blood pres- 
sure equipment (Colin BP 308, Mark M), and the 
pressure was recorded as BPyy. 

Thus, using these techniques, four blood pressure 
readings were recorded for each subject, viz. BPpys, 
BPapp, BPx, and BP and an average (BP,y) was 
calculated as (BPpjs + BPapp)/2. Realizing that the 
issue at hand was not correlation but agreement, 
techniques proposed by Bland and Altman (7) were 


used to evaluate the extent of agreement between 


various methods. Attempts were also made to esti- 
mate the error in measuring SBP by pulse oximetry. 


Results 


The study was conducted in 100 volunteers (age 
20-62 yr). Table 1 shows the mean and standard devi- 
ation of the SBPs recorded by the various techniques. 
Only normotensive individuals were included in the 
study. One of the female volunteers who was found to 
be hypertensive during this study (BPpys, 176 mm Hg; 
BPapp, 170 mm Hg; BPay, 173 mm Hg; BPx, 
170 mm Hg; BPyy, 171 mm Hg) was excluded and 
replaced with a normotensive volunteer. None of the 
mean differences between the pulse-oximetry based 
estimates and conventional readings was statistically 
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Table 2. Correlation Coefficients of Pulse Oximetry-Based 
Systolic Blood Pressure Estimates With BP, and BPyy 


BPs BP app BPay 
BP, 0.8627 0.7919 0.8714 
BP xy 0.8256 0.7841 0.8472 


BPs: blood pressure readings at disappearance of oximeter waveform 
upon cuff inflation; BPapp, blood pressure readings at appearance of 
oximeter waveform upon cuff deflation; BP ay, calculated average of BPs 
and BP,pp; BP, blood pressure reading by Korotokoff sounds; BPyy, blood 

oscillometric 


pressure reading by noninvasive blood pressure equipment. 


different between men and women (P > 0.05), except 
for the differences between BP app and BPy (P < 0.05). 
The results for both the sexes therefore have been 
combined in the presentation below. 

The Pearson's correlation coefficients between the 
pulse oximetry-based blood pressure estimates and 
BP, and BP, readings are shown in Table 2. These 
are recorded to facilitate comparison with previous 
studies that used correlation as a measure. The ob- 
jective is not to evaluate correlation but to evaluate 
agreement, which is a step beyond. For this, we 
studied the differences in readings obtained by vari- 
ous techniques and assessed whether they were 
small enough to justify the use of oximetry estimates 
in place of BP, and BPxy. Table 3 summarizes statis- 
tics on the relevant differences. The last two rows of 
the table show that the differences between BP,, and 
BP, or BP, were as often positive as negative, and 
the mean differences were close to an ideal zero. In 
fact, only these mean differences were not signifi- 
cantly different from zero (P > 0.5); all other differ- 
ences were highly significant (P < 0.01). 

If BPay was in real agreement with either BP, or 
BPyr then the regressions, when forced through the 
origin, should yield a regression coefficient of 1 (so 
that the regression is of the type Y = X). Table 4 
shows that this indeed is true. In line with the 
observations in Table 4, it is evident that the regres- 
sion coefficients for BPprs are less than 1, for BP app 
more than 1, and for BP,y equal to 1. The scatter 
plots of BP, with BPay and of BP aq with BPay are 
shown in Figures 1 and 2, respectively. As there is 
high variability, 95% confidence bands for each re- 
gression line are also shown. 

The results obtained indicate that BP yy is closer to 
BP, and BP, than either BPprs or BPapp. The zero 
mean differences and unit regression coefficients in- 
dicate that on average BP,y can be substituted for 
BP, and BP,y. Kolmogorov Smirnov’s test done 
through the SPSS package revealed that these distri- 
butions are not significantly different (P > 0.2 in each 
case) from the Gaussian type with mean = 0 and sp = 
7. A Gaussian distribution with mean = 0 and sp = 7 
of the differences between BPay, BPx, and BP 
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Table 3. Summarizing Statistics on Differences Between Pulse Oximetry-Based Readings and Readings Obtained by 


Conventional Methods 
n Mean 
Differences (+ve, 0, ~ve) difference 
BP pts Ea BP, 100 3.5" 
(65,12,23) 
BP pis — BPa 100 3.1“ 
(63,5,32) 
BP app — BP, 100 —4.4" 
(24,15,61) 
BP ipp — BPui 100 —4,9" 
(29,8,63) 
BPay — BP, 100 ~0.4 
(44,12,44) 
BPay — BPag 100 —0.9 
(47,7,46) 


BPprs, blood pressure readings at disappearance 


nce of oximeter waveform u 


sp of Minimum Maximum 
difference difference difference 
7.38 —18 20 
8.22 —14 20 
8.55 —40 10 
8.42 —32 10 
6.69 —24 15 
7.09 —22 13 


cuff inflation; BP,pp, blood pressure rea of oximeter 


dings at 
waveform upon cuff deflation; BP 4y, calculated average of BPpjs and BP app; BP,, blood pressure reading by Korotokoff sounds; BPyy, Blood pressure reading 


by oscillometric noninvasive blood pressure 
“Highly significant difference from zero (P < 0.01). 


Table 4. Regression Coefficient When Regression Is 
Passed Through Origin 


Pulse oxi Conventional readings 
readings BPx BPyr 
BPpis 0.967 0.970 
BPapp 1.035 1.038 
BP ay 1.002 1.004 


BPa blood pressure readings at disappearance of oximeter waveform 
upon cuff inflation; BPapp, blood pressure readings at appearance of 
oximeter waveform upon cuff deflation; BPay, calculated average of BPpis 
and BPapp; BPx, blood pressure reading by Korotokoff sounds; BPsy, blood 
pressure reading by oscillometric noninvasive blood pressure equipment. 


indicates that nearly 95% of the differences would be 
within +14 mm Hg. 


Discussion 


Pulse oximetry is increasingly being used today to 
assess the hemodynamic status of patients (2-4). Its 
use as a measure of SBP in normal patients and in 
patients with Takayasu’s syndrome has also been 
reported (5,8,9). However, the methodology adopted 
in these studies has been conflicting, and using 
statistical analysis, attempts have been made to show 
a good correlation instead of agreement. 

Whereas Wallace et al. (8) (in their study of 51 
patients) recorded SBP when the oximeter lost its 
visual display during blood pressure cuff inflation 
(BPpys), Talke et al. (9) (in a study on 20 healthy 
volunteers and 42 anesthetized patients) recorded 
blood pressure when the visual display of the pleth- 
ysmographic waveform just reappeared upon cuff 
deflation (BP,pp). In the present study, BPprs is 
generally higher than BPapp. This is probably because 


equipment, +ve, positive; ~ve, negative. 


of relative difference in blood flow during inflation 
and deflation, being 8.6% of the original flow during 
inflation and 4% on cuff deflation (6). It was also 
observed that BP, and BP,y show close agreement, 
suggesting that the flow during measurement of BP, 
is somewhere near the average of 4% and 8.6% of the 
original blood flow. 

In the present study, attempts were made to inves- 
tigate whether the pressure at disappearance of the 
plethymographic waveform upon cuff inflation (BPpys), 
pressure at reappearance of the waveform upon cuff 
deflation (BPapp), or the average of these two is an 
accurate indicator of SBP in healthy Indian subjects. 

Good correlation was observed when BPpj was 
compared with BP, and BPy, (r = 0.8627 and r = 
0.8256, respectively). Good correlation was also ob- 
served on comparing BPapp with BP, and BPyy (r = 
0.7919 and r = 0.7841, respectively). However, the 
correlation was best observed when BPay was com- 
pared with BP, and BPẹ (r = 0.8714 and r = 0.8472, 
respectively). 

Wallace et al. (8) observed good correlation be- 
tween BPpjg and the Doppler method (r = 0.93). 
However, in their study, 729 pairs of SBPs were 
obtained in 51 patients, suggesting that blood pres- 
sure was repeatedly monitored in each subject. This 
could partly explain the high correlation observed in 
their study. Talke et al. (9) in their study observed a 
better correlation between BP app and BP, (r = 0.958). 
However, their study comprised only 20 volunteers. 

As has been emphasized by Bland and Altman (7), 
high correlations do not justify substituting one value 
for the other. Talke et al. (9) reported a regression 
equation of y = 0.875x + 15.1, where y represents 
BP, and x represents BPapp. Notwithstanding high 
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Figure 2. Scatter plot regression line and 
confidence band of noninvasive oscillometric 
blood pressure equipment (BP) versus av- 
erage of BPpr and BPapp (BP ay). 


‘BPA, (mmHg) 


correlation, large values of intercept and a regression 
coefficient substantially less than 1 indicate that the 
relationship is far from y = x. This applies to all the 
relationships they have investigated. Thus, their con- 
clusion that BPapp can be used to accurately measure 
SBP is not valid because good agreement has not 
been established in so far as their analysis goes. This 
is also true for other reported studies (8,9). 
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We have been able to show that oximetry readings 
can in fact be used to measure SBP. But these are 
neither BPpjg nor BPapp. It is- the BPay that very - 
closely agrees with the level measured by conven- | 
tional methods (BP, and BPynp. 

In nearly 95% of the cases, the differences between 
BP,y and conventional methods are likely to be 

within +14 mm Hg. It is rene to Opere that 
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the difference between BP, and BP, had sp = 6.53 
(mean difference = 0.38). Thus even when these two 
methods are used, the 95% limits on difference are 
+13 mm Hg. This shows that BP,y readings were 
almost as close to BP, measurements as BP, mea- 
surements are to BP. An error of 14 mm Hg in SBP 
can be accepted clinically. 

Blood flow signals displayed by Doppler probe have 
been used to measure SBP and to assess peripheral 
perfusion in patients with Takayasu’s syndrome (5). 
Flow signals and plethysmographic waveform can also 
be detected by oximetry in limbs with weak or absent 
pulses (10), and this may be utilized to measure SBP. 
The present study demonstrates that the plethysmo- 
graphic waveform can be used to measure SBP, with 
best agreement between BPay and BP, or BPay and 
BPxy confirming the any of this technique. 
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The activated dog time (ACT) is routinely used to 
monitor heparin during cardiopulmonary bypass sur- 
gery. Activated clotting times may be influenced by a 
number of factors other than heparin. The presence 
of heparin in blood samples disguises the occurrence 
of non-heparin-related changes in coagulation func- 
tion. During cardiopulmonary bypass, it is difficult to 
ascertain baseline clotting time fluctuations with ACT 
alone. Previous attempts to establish accurate base- 
line data were imprecise and involved extensive 
sample handling. In this study, we present, data 
obtained using a modified (ACT) assay that incorpo- 
rates heparinase. The heparinase test cartridge (HTC) 


ctivated clotting. time (ACT) assays are rou- 

į tinely used to monitor the anticoagulant ef- 

fects of heparin during cardiovascular sur- 
gery. Activated clotting time measurements are taken 
(a) before the administration of heparin to establish 
the patient's baseline (hepariri-independent) clotting 
time and (b) periodically during cardiopulmonary 
bypass (CPB) to ensure adequate heparinization (1,2). 
The ACT values are also used to monitor the neutral- 
ization of heparin by protamine where a return to 
preoperative ACT is typically used as the target 
value. 

The ACT is a functional i measure of the intrinsic 
clotting pathway (3); which may be influenced by 
factors other than heparin. Cardiovascular surgical 
procédures and extracorporeal circulation may lead to 
incidents of platelet dysfunction (4), hemodilution 
(5), disseminated intravascular coagulation, or hyper- 
coagulation (6). These occurrences potentially alter 
the baseline clotting time during the course of an 
operation. Therefore, assuming a constant baseline 
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instantaneously, specifically, and completely re- 
moves heparin in the blood sample at the initiation of 
the test. In conjunction with standard ACT tech- 
niques, the clinician is providéd with heparin- 
independent (baseline) and functional clotting data. 
The HTC/ACT assay was used in a case study involv- 
ing 19 patients undergoing cardiopulmonary bypass 
surgery. The data gathered indicate the usefulness of 
this assay in monitoring incidents of baseline drift, 
hemodilution, and hypercoagulation and the ena, 
of protamine reversal. 

(Anesth Analg 1992;74:201-5) 


ACT equivalent to the preoperative value may lead to 
inaccurate conclusions coricerning the administration 
of heparin or protamine. For example, hemodilution 
results in an extended. ACT and may lead to an 
overestimate of the quantity of protamine required 
for neutralization. Conversely, hypercoagulation, re- 
sulting in a shortened ACT, may lead to an inderes- 
timate of the quantity of protamine required for 
neutralization (7). 

The presence of heparin in blood samples prevents 
the measurement of baseline clotting times by a 
standard ACT assay. The expeditious pretreatment of 
samples to remove heparin before the determination 
of ACT would allow for the procurement of baseline 
clotting information, even on samples taken from 
patierits receiving heparin. The concept of using 
heparinase to neutralize enzymatically the anticoag- 
ulant properties of heparin before coagulation testing 
was put forth by Hutt and Kingdon in 1972 (8). 
However, the widespread availability of heparinase 
for this application was delayed until- methods for 
producing the enzyme were refined (9,10). Recently, 
the heparinase test cartridge (HTC), a variation of the 
ACT assay, has been developed. The assay incorpo- 
rates a bacterial heparinase into one of the two 
cartridge channels of the dual-channel high-range 


Anesth Analg 1992;74:201-5 201 


202 CARDIOVASCULAR ANESTHESIA BAUGH ET AL. 
HEPARINASE-ACTIVATED CLOTTING TIME 


ACT (HR ACT) test manufactured by Medtronic 
Hemotec, Inc. (Englewood, Colo.). Heparinase elim- 
inates the anticoagulant effect of heparin at the onset 
of the test. The clinician is thus provided with base- 
line (heparinase channel, HTC) and functional (un- 
treated channel, HR ACT) clotting-time information. 
Salmenpera et al. (11) used heparinase in ACT tests to 
evaluate the occurrence of heparin rebound after CPB 
operations. In addition, this test is intended to pro- 
vide answers to the following questions: (a) Is hep- 
arin present before surgery? (b) Has the baseline 
clotting time varied during the procedure? (c) Is 
heparin present after protamine reversal? 

The primary focus of this investigation was to 
evaluate the performance of the HTC test in giving 
baseline clotting-time information during CPB sur- 
gery. This report presents HTC results obtained dur- 
ing a study that included 19 patients having CPB. The 
results presented here indicate the frequent occur- 
rence of baseline clotting deviations and the useful- 
ness of the HTC test in monitoring these deviations. 


Methods 


Nineteen patients undergoing routine CPB at the 
Sunnybrook Medical Center in Toronto from June 26 
to July 13, 1990, comprised the study group. There 
were 16 men and 3 women in the group, which 
ranged in age from 31 to 74 yr (average, 56 yr). 
Surgical procedures included 15 coronary arterial 
bypass grafts (CABG), three atrial valve replacements 
(AVR), and one combined procedure (CABG/AVR). 
The patients were randomly chosen for this study 
according to the order of their presentation into the 
surgical suite and on no other basis. Heparinase ACT 
tests were performed on surplus aliquots of blood 
samples drawn for routine analysis. The results were 
not used to calculate heparin or protamine adminis- 
tration in this study. Formal human subject approvals 
were not required for this study. 

Cardiopulmonary bypass was established after the 
infusion of heparin (300 IU/kg). Additional 5000-IU 
heparin boluses were infused as required to maintain 
an ACT greater than 400 s. Beef lung heparin (Up- 
John, Kalamazoo, Mich.) was used in all procedures. 
Protamine sulfate (3.1 + 0.8 mg/kg) was infused at 
the conclusion of CPB to reverse the effects of hep- 
arin. An additional dose of protamine was given if 
the ACT did not return to presurgical levels after the 
first injection. 

The heparinase HR ACT cartridges (IBEX Technol- 
ogies, Montreal, Canada/Medtronic HemoTec, Inc., 
Englewood, Colo.) were used to monitor coagulation 
times. The HTCs are designed to be used with the 
dual-channel Automated Clotting Timer instrument 
(Medtronic-HemoTec). Tests were performed on 
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fresh whole blood samples taken before CPB, within 
10 min after heparinization, every 20 to 30 min after 
heparinization, and after protamine reversal. The 
assay was carried out by transferring 0.4 mL of fresh 
whole blood into each of the two channels of a 
cartridge that had been prewarmed at 37°C for 
3-5 min. The cartridge was immediately placed in the 
timer instrument, and the test was started by pulling 
the actuator cover forward. The procedure is identical 
to that used for standard HR ACT assays. 

Preoperative activated partial thromboplastin 
times (aPTT) and prothrombin times were also noted. 

Blood samples were taken before heparinization, 
within 10 min after heparinization, every 20 to 30 min 
after heparinization, and after protamine reversal, 
and were immediately analyzed for hematocrit and 
hemoglobin content. The blood volume before oper- 
ation was estimated according to the following equa- 
tion: 


V (L) = Body weight (kg) x 0.068 (12) 


The addition and collection of all fluids and their 
sampling times were recorded. 

Correlations between heparinase HR ACT values 
and those of estimated blood volume, hematocrit, 
and hemoglobin were analyzed. All values were 
normalized with respect to the preoperative values 
and correlation coefficients derived by direct compu- 
tation using the linear least-squares method (13). 


Results 


Individual patient profiles are summarized in Table 1. 
In all 19 patients, preoperative ACT and HTC times 
were equivalent within the accuracy of the test 
(+12%). The average differential between these read- 
ings was 3.3 s with the greatest difference being 12 s. 
Four patients in this study were referred to surgery 
with abnormally high aPTT values (>35 s). However, 
HTC values indicate that the extended aPTT in these 
patients was not due to the presence of heparin. 
The average HTC/ACT differential in the readings 
after protamine reversal (postprotamine) was 2.6 s, 
with the greatest difference being 7 s. These readings 
are equivalent within the accuracy of the instrument, 
indicating that the protamine reversal after CPB was 
complete in each patient. The average HTC/ACT 
values are illustrated in Figure 1. This diagram dem- 
onstrates the equivalence of the two tests at the 
prebypass and postprotamine points. Prebypass HTC 
and ACT values were 123.6 + 10.6 and 122.8 + 12.458, 
respectively. Postprotamine HTC and ACT values 
were 97.6 + 10.8 and 97.7 + 11.7 s, respectively. 
Figure 1 also illustrates two trends observed in this 
study. The first occurs during bypass in which base- 
line clotting times (HTC result) are extended an 
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Table 1. Individual Patient Profiles 


Preop Preop 

Patient Age Weight aPTT PT Hct Hbg 
No Procedure Sex (yr) (kg) (s) (8) (%) (g%) 
1 AVR F 31 62 38.2 115 35 11.5 
Zz CABG M 58 82 27.1 109 39 13.1 
3 CABG M 71 81 27.1 10.1 41 13.9 
4 CABG M 39 86 53.1 11.0 40 13.9 
5 AVR M 32 96 28.8 10.2 40 14.1 
6 CABG M 43 109 49.0 181 38 13.4 
7 CABG/AVR M 67 6 305 98 44 153 
8 CABG M 72 94 28.0 10.2 31 10.2 
9 CABG F 72 75 28.0 102 31 10.2 
10 CABG M 3 8&2 25.3 10.0 42 147 
11 CABG M 62 87 30.9 10.2 41 147 
12 CABG x 2 M 45 87 29.1 10.1 42 143 
13 CABG M 62 73 285 98 43 15.6 
14 CABG M 59 81 42.5 10.0 43 15.3 
15 CABG x 2 M 6 78 32.2 10.6 39 13.4 
16 AVR M 56 88 28.5 10.0 48 16.5 
17 CABG F 74 75 25.1 98 36 119 
18 CABG M 51 76 297 97 46 160 
19 CABG M 63 77 27.4 10.2 42 147 


aPTT, activated partial 
replacement; CABG, coronary artery bypass grafting. 
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Figure 1. The average values of heparinase test cartridge (HCT) 
and activated clotting time {ACT) taken from 19 patients before 

(123.6 + 10.6, 122.8 + 12.4), during bypass (149.3 + 21.1, 
655.1 + 138.2), and after protamine reversal (97.6 + 10.8, 97.7 + 
11.7). The HTC (white column) and ACT (black column) were mea- 
sured at various times during CPB. 


on bypass 


average of 37.7 + 10.8 s. This represents a significant 
deviation from prebypass baseline values, demon- 
strating a slight but measurable decrease in coagula- 
tion capacity during the procedures. Blood volumes 
of patients were increased by pump prime, cardiople- 
gic, and other solutions an average of 50%. There- 
fore, the hemodilution effect is suspect in causing an 
upward drift in baseline clotting times. The correla- 
tions for HTC values with estimated blood volume, 
hematocrit, and hemoglobin for each patient are 
listed in Table 2. The average correlations for the 
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Maximum 

Preop Preop . Total baseline Postprotamine 
ACT heparinase heparin Protamine deviation baseline 
(s) ACT (s) (IU) (mg) (s) deviation (s) 
126 126 25,000 200 54 sae 
128 126 34,000 200 22 —31 
115 111 45,000 300 21 1 
119 110 55,000 300 35 —13 
123 122 35,000 250 47 ~28 
119 118 40,000 400 50 mot 
138 138 30,000 350 4] —30 
146 148 35,000 200 34 -34 
129 125 28,000 250 27 ~45 
105 110 42,000 300 34 16 
129 126 35,000 200 30 ~20 
129 124 32,000 250 36 237, 
122 120 33,000 250 39 —10 
118 112 50,000 300 36 -35 
142 154 39,000 300 42 —64 
114 112 38,000 250 29 —24 
108 111 37,000 250 28 I9 
120 120 30,000 .250 57 =I 
119 121 28,000 250 54 Bae 


thromboplastin time; PT, prothrombin time; Hct, hematocrit; Hbg, hemoglobin; ACT, activated clotting time; AVR, atrial valve 


Table 2. Correlation Factors for Heparinase HR 
ACT Values 


Estimated 
blood 
volume Hematocrit Hemoglobin 

Patient No, (r) (r) (r) 

1 0.83 0.86 0.87 

2 0.75 0.70 0.70 

3 0.75 0.81 0.81 

4 0.73 0.90 0.90 

5 0.18 0.50 0.47 

6 0.81 0.83 0.84 

7 0.00 0.51 0.51 

8 0.53 0.72 0.68 

9 0.56 1.00 1.00 
10 0.93 0.93 0.94 
il 0.99 0.94 0.94 
12 0.51 0.80 0.77 
13 0.73 0.82 0.81 
14 0.52 0.87 ND 
15 0.00 0.19 0.17 
16 0.70 0.92 0.94 
17 0.87 1.00 1.60 
18 0.78 0.97 0.97 
19 1.00 1.00 1.00 
Average 0.64 0.80 0.80 


study group are r = 0.64, r = 0.80, and r = 0.80 for 
blood volume, hematocrit, and hemoglobin, respec- 
tively. 

The second trend observed in this study was the 
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decreased postprotamine clotting time. On average, 
the postprotamine clotting time was 25.2 + 14.7 s 
shorter than at prebypass. 


Discussion 


The ACT test has become a standard measure of the 
effectiveness of heparin during CPB. The assay is 
valuable in assessing the functional coagulation of 
patients while they are on heparin therapy. How- 
ever, the presence of hepatin in blood samples pre- 
vents the determination of changes in the patient’s 
normal coagulation function that may occur during 
the procedure. These alterations, which include he- 
modilution and hypercoagulation, are frequently in- 
duced by the procedure itself. 

Researchers. have attempted to obtain accurate 
baseline clotting information on heparinized samples 
by a variety of means. Previous attempts have in- 
cluded the use of ion exchange resins and protamine 
titration (14) to remove heparin selectively. Ion ex- 
change resins tend to interfere with coagulation mea- 
surements, and protamine titration, although more 
accurate, is costly and time-consuming. Recently, a 
heparinase ACT assay has been developed to provide 
rapid and accurate baseline clotting information on 
heparinized whole blood samples. The assay consists 
essentially of a standard HR ACT assay in which 
heparin is completely neutralized at the onset of the 
test by the action of a bacterial heparinase. In this 
format, the heparin neutralization function is invisi- 
ble to the user. 

This report constitutes one of the first studies in 
which baseline clotting times were routinely moni- 
tored in a clinical setting. In this study, all prebypass 
HTC and ACT results were equivalent, indicating 
that heparin was not present in any patient before 
operation. Four patients in this study had preopera- 
tive aPTT values higher than normal. The combina- 
tion of preoperative HTC/ACT differentials and aPTT 
absolute values allows for the identification of poten- 
tial non-heparin-related coagulopathies that may be 
resolved by further analysis. This information will 
alert clinicians to a predisposition for postoperative 
bleeding occurrences that may have to be resolved by 
a method other than heparin/protamine therapy. 

The data indicate the use of this assay to monitor 
hemodilution while the patient is on heparin therapy. 
In 18 of the 19 patients reported on here, an extended 
baseline clotting time during the bypass procedure 
was observed. Correlation with blood volume, hem- 
atocrit, and hemoglobin data indicate that the ex- 
tended baseline clotting time may be due to hemodi- 
lution. In this study, coagulation function was not 
severely compromised after protamine administra- 
tion. However, the correlation between dilution and 
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baseline deviation suggests that the ability to rapidly 
obtain baseline clotting information will alert clini- 
cians of the potential for postoperative complications 
caused by dilution. These postoperative complica- 
tions may occur more frequently when treating pa- 
tients with lesser blood volume, such as children and 
small adults, or patients with a diminished concen- 
tration of platelets or of clotting factor proteins (15). 

Postbypass data confirmed the effectiveness of 
protamine neutralization in all 19 cases. We also 
observed a consistent decrease in postprotamine clot- 
ting times compared with prebypass values. This 
effect has been noted in previous studies (16,17) and 
may be due to the activation of clotting resulting from 
some aspect of the surgical procedure (7). Recently, 
Gravlee et al. (18) demonstrated that ACT values 
taken during the period between surgical incision 
and heparin administration closely approximate post- 
protamine ACT values. The HTC test used in this 
study will facilitate the determination of baseline 
ACT at any point in the surgical procedure. It is 
apparent that the HTC assay data could be used to 
determine more accurately the quantity of protamine 
required for reversal. The average protamine dose 
used was 3.2 mg/kg but ranged from 2.1 to 5.5 mg/kg. 
The use of HTC assays to confirm neutralization 
could reduce the amount of protamine used and 
could diminish associated complications. Similarly, 
the HTC assay will aid in the assessment of heparin 
rebound occurrences in the intensive care unit, which 
often result from plasma transfusion (19). 


We thank Dr. Richard McLean of the Sunnybrook Health Science 
Center, University of Toronto, for reviewing the manuscript and 
John Docherty, CCP of Ryan Medical Distributors, Inc., Oakville, 
Ontario, for arranging the clinical study. 


References 


1. Bull BS, Huse WM, Briggs BD. Heparin therapy during extra- 
corporeal circulation. J Thorac Cardiovasc Surg 1975;69:674-84. 

2. Bull BS, Huse WM, Brauer FS, Korpman RA. He therapy 
during extracorporeal circulation. H. The use of dose response 
curves to individualize heparin and protamine dosage. J Tho- 
rac Cardiovasc Surg 1975;69:685~9. 

3. Hattersley PG. Activated clotting time of whole blood. JAMA 
1966;196:436~—40. 

4. Edmunds LH, Ellison N, Coleman RW, et al. Platelet function 
during cardiac operation: comparison of membrane and bubble 
oxygenators. J Thorac Cardiovasc Surg 1982;83:805-12. 

5. Harker LA, Malpass TW, Branson HE, Hessel EA, Slichter SJ. 
Mechanism of abnormal bleeding in patients undergoing car- 
diopulmonary s: acquired transient platelet dysfunction 
associated with selective alpha granule release. Blood 1980;56: 
824-34. 

6. Davies GC, Sobel M, Salzman EW. Elevated plasma fibrin- 
opeptide A and thromboxane B, levels during cardiopulmo- 
nary bypass. Circulation 1980;61:808-14. 

7. Mammen EF, Koets MH, Washington BC, et al. Hemostasis 


ANESTH ANALG 
1992;74:201-5 


10. 


11. 


13. 
14. 


changes during cardiopulmonary bypass surgery. Semin 
Thromb Hemost 1985;11:281-92. 


. Hutt ED, Kingdon HS. Use of heparinase to eliminate heparin 


inhibition in routine coagulation assays. J Lab Clin Med 
1972;79:1027-34. 


. Zimmermann JJ, Cooney CL. U.S. Patent application serial No. 


07/203,235, 1988. 

Zimmermann JJ, Oddie K, Langer RS, Cooney CL. The release 

of heparinase from the periplasmic space of Flavobacterium 
inum by three step osmotic shock. Appl Biochem Biotech- 

nol 1991;30:137-48. 

Salmenpera MT, Levy JH, Curling PE. Evaluation of a new 

rae Ep activated clotting time to assess heparin rebound 

following cardiac surgery. Abstracts of the 13th Annual Meet- 

ing of the spe! of Cardiovascular Anesthesiclogists. Amer- 

ican Society of iac Anesthesiologists, 1991:115. 


. Castle WB. In: Beck WS, ed. Hematology. 4th ed. Cambridge: 


MIT Press, 1987:305-37. 

Perry’s Chemical Engineer’s Handbook. In: Green DW, Mal- 
oney JO, eds. 6th ed. New York: McGraw Hill, 1984:2-106. 
Cumming AM, Jones GR, Wensley RT, Cundall RB. In vitro 


15. 


16. 


17. 
18. 


19. 


CARDIOVASCULAR ANESTHESIA BAUGH ET AL. 205 
HEPARINASE-ACTIVATED CLOTTING TIME 


neuralization of heparin in plasma prior to the activated partial 
thromboplastin time test: an assessment of four heparin antag- 
onists and two anion exchange resins. Thromb Res 1986;41:43- 
56. 

Kriesmer P, Uden DL, Payne NR, Tessmer J. Heparinase as an 
adjunct to activated clotting time tests in the management of 
patients on cardiopulmonary . Abstracts of the 7th 
Annual Children’s National Medical Center ECMO Sympo- 
sium. Childrens National Medical Center, 1991:52. 

Gravlee GP, Case LD, Angert KC, Rogers AT, Miller CS. 
Variability of the activated coagulation time. Anesth Analg 
1988;67:496-72. 

Gravlee GP. Limitations for ACT (Letter). Anesth Analg 1989; 
69:143-4. 

Gravlee GP, Whitaker CL, Mark LJ, Rogers AT, Royster RL, 
Harrison GA. Baseline activated coagulation time should be 
measured after surgical incision. Anesth Analg 1990;71:549-53. 
Shanberge JN, Murato M. Therese Quattrociocchi-Longe T, 
Van Neste L. Heparin-protemine complexes in the production 
of heparin rebound and other complications of extracorporeal 
bypass procedures. Am J Clin Pathol 1987;87:210-7. 


Acute Colloid Administration Increases Ischemia in the 
Myocardium Supplied by a Stenotic Coronary Artery 


André Coetzee, FFA(SA), FFARCS, MD, PhD, and Pieter Fourie, BSc (Elect Eng), MB, ChB PhD 
Departments of Anesthesiology and Physiology, University of Stellenbosch Medical School, Tygerberg, South Africa 


The effect of acute colloid administration was evalu- 
ated in the pig heart in which an external coronary 
artery stenosis was applied. Seven pigs received 
thiopentone and halothane anesthesia. Ultrasonic 
crystals were inserted in the myocardium supplied by 
the left anterior descending (LAD) and circumflex 
coronary arteries. Left ventricular pressure was mea- 
sured and regional myocardial function was quanti- 
fied with the pressure-length loop and the end- 
systolic pressure-length ratio. A significant stenosis 
was applied to the LAD artery, after which the animal 
received fixed colloids to increase the left ventricular 
end-diastolic pressure. Regional myocardial ischemia 
was defined with reference to postsystolic shortening 
and lactate production from the region supplied by 
the LAD artery. The applicatior of the stenosis 


eft ventricular coronary blood flow (CBF) oc- 
curs mainly in diastole, and the driving pres- 
sure is approximated by the difference between 
the diastolic aortic pressure and the left ventricular 
end-diastolic pressure (LVEDP) (1,2). lf LVEDP in- 
creases, as could occur during acute colloid adminis- 
tration, the driving pressure will decrease (if aortic 
pressure remains unchanged). Autoregulation will 
preserve CBF during such changes in perfusion pres- 
sure if the coronary arteries are normal (3). However, 
if autoregulation is exhausted, it is possible that 
subendocardial ischemia could occur if the LVEDP is 
raised, and there is indeed clinical evidence suggest- 
ing that acute colloid administration in patients with 
ischemic heart disease precipitates myocardial ische- 
mia (4). 
This study was therefore designed to evaluate the 
effect of acute colloid administration during general 
anesthesia on regional myocardial function in left 
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caused an increase in postsystolic shortening from 
9.62% + 4.24% to 26.12% + 5.81% (mean + sem; P < 
0.05), and lactate extraction changed from 15.88% + 
2.38% to —9.56% + 5.32% (P < 0.05). Acute colloid 
administration increased the left ventricular end- 
diastolic pressure from 9.71 + 1.77 to 15.93 + 
2.07 mm Hg (P < 0.05), and lactate extraction further 
decreased to 76.63% + 19.19% (P < 0.05). Postsys- 
tolic shortening increased to 36.22% + 5.10% (P < 
0.05). The oxygen tension in the venous blood drain- 
ing the LAD region decreased from 36.74 + 9.37 to 
17.34 + 1.23 mm Hg (P < 0.05). We conclude that in 
the acute pig model, augmentation of the preload 
worsens regional myocardial ischemia in an area 
supplied by a stenotic coronary artery. 

(Anesth Analg 1992;74:206-11) 


ventricular (LV) segments supplied by a normal anda 
narrowed coronary artery. 


Methods 


Permission for the study was obtained from the 
Ethical Committee of the University, and the animals 
were cared for according to national and university 
guidelines. 

Seven pigs (25-29 kg) were used. The animals were 
premedicated with intramuscular ketamine (5 mg/kg). 
An intravenous infusion was started, and anesthesia 
was induced with 7 mg/kg of thiopental. A tracheo- 
stomy was performed, the trachea was intubated, and 
ventilation was controlled using 40% oxygen and 60% 
nitrogen. The ventilatory frequency was kept constant 
at 8 breaths/min, and the tidal volume was adjusted to 
maintain the arterial carbon dioxide tension (Paco,) at 
35-39 mm Hg. Anesthesia was maintained for the 
duration of the operation with 1% halothane. Skeletal 
muscle paralysis was obtained with pancuronium (ini- 
tially 0.1 mg/kg) and was maintained with an infusion 
of pancuronium (0.01 mg-kg~*-h7"). 

Temperature was maintained between 36.3 and 
37.2°C with an under-table heating device. Normal 
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saline was infused at a rate of 5 mL-kg~'-h“! for the 
duration of the experiment. 

Through a neck incision, 4 pulmonary artery cath- 
eter (Edward Laboratories Inc.) was inserted into the 
internal jugular vein and floated into the pulmonary 
artery. The correct position of the catheter was veri- 
fied once the chest was opened, and the injection 
port was shown to be in.the right atrium at postmor- 
tem dissection. Five milliliters of 5% dextrose at 4°C 
was injected by hand into the proximal injection port, 
and a cardiac output computer (Mansfield 9530) cal- 
culated the cardiac output. Injections were spaced 
throughout the respiratory cycle, and the cardiac 
output was determined in triplicate. A 16-gauge stiff 
cannula was inserted into the internal carotid artery 
and was advanced into the proximal aorta, 1 cm distal 
to the aortic valve. The catheter was connected to a 
pressure transducer (Statham, natural frequency 
50.3 Hz) for thë determination of aortic blood pres- 
sure. 

A balloon-tipped catheter (Fogarty 8/14, Edward 
Laboratories) was inserted into the femoral artery and 
was positioned in the descending aorta at the level of 
the diaphragm. This catheter was used to momen- 
tarily increase aortic pressure in order to increase LV 
pressure for the determination of the LV end-systolic 
pressure-length relationship.. l 
_ A left thoracotomy was performed, and the peri- 
cardium was opened. A stiff short 16-gauge cannula 
was sutured into the LV cavity for the measurement 
of LV pressure with a pressure transducer (Statham, 
natural frequency 50.6 Hz). The LV end-systolic pres- 
sure was defined as the LV pressure at the time that 
the LV end-systolic pressure-length relationship was 
at a maximum. 

Two of piezoelectric crystals were positioned 
in the subendocardium (5). One pair was placed in 
the region supplied by the left anterior descending 
coronary artery (LAD) and the other pair, in the 
region supplied by the circumflex coronary. artery 
(LX) (6). The signals were processed (Ultrasonic Di- 
mension System, Schuesler); and the maximum ség- 

ment length (Lmax), minimum segment length 
Sea and regional shortening during systole (dL = 

— Lmin) were obtained: The latter was normal- 

ized. a Lmax (dL% = dL/Lmax x 100). Lmax was 
taken at the time the sharp upslope of the LV pres- 
sure started, and Lmin was measured when the aortic 
valve was closed. Postsystolic shortening (PSS) was 
defined as regional shortening that occurred after the 
aortic valve closed and was expressed as a percentage 
of the total systolic shortening (7). 

The LAD was dissected free from the underlying 
myocardium and a 3.0 silk suture was looped around 
the artery. This was connected to a micrometer- 
controlled snare, which allowed for graded constric- 


ree 
15“ 
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tion of the coronary artery. To créate a fixed constric- 
tion, the snare was tightened in increments every 
5 min until regional systolic dysfunction was ob- 
served. The degree of constriction was noted, and the 
snare was released for .15 min. The snare was then 
reapplied to a point short of what has previously 
been associated with dysfunction. By repeating this 
procedure, CBF could be reduced to the point where 
no resting systolic dysfunction occurred although 
diastolic dysfunction (i.e., PSS) was present. At this 
point, previous, work has indicated that CBF will be 
reduced in the order of 40% (8-11). 

A 20-gauge-cannula was inserted into a vein drain- 
ing the LAD region: Blood from this area was ana- 
lyzed for blood gas levels and lactate concentration. 

The LV ‘_préssure signal and regional systolic move- 
ment were combined on an oscilloscope (Tektronix) 
for the continuous display of pressure-length loops 
for both the LAD and LX regions. Data were recorded 
directly by microcomputer sampling at 200 Hz for 5s 
after the animal was removed from the ventilator for 
15 s. Data were stored on floppy disk for analysis. 
Calibration of transducers was performed before and 
during the experiments, and the zero level was taken 
at the level of the LV a Arterial and coronary vein 
blood were analyzed te gas levels and lactate con- 
centration during the various experimental steps (IL 
Cooximeter, IL 613 Bloodgas Analyzer, Instrumental 
Laboratories). Lactate extraction was defined as the 
arterial mirius venous blood lactate ‘concentration 
normalized fot arterial lactate concentration arid ex- 
pressed as a percentage. A positive value implies 
lactate extraction, and a negative value indicates 
lactate production. 

The mean arterial presstire was calculated by com- 
puter fror the area under the aortic pressure record- 
ing, and the heart rate was determined from the 
ventricular pressure recording. Myocardial contractil- 
ity was determined the end-systolic pressure- 
length relationship (Ees) (12,13). was obtained 
by stėpwise partial occlusion of the aorta over 5-7 
beats with the occlusion catheter. For each of these 
beats, the computer determined the maximum pres- 
sure-length ratio from the start of systole; and these 
pressure and length poirits, which coincided with the 
end of systole, were subjected to linear regression 
arialysis. (The slope of this regression is defined as 
the Ees, and the intercept of Ees on the length axis 
[X-axis] is abbreviated as L, [mm].) Regional myocar- 
dial work was obtained by integrating the area within 
the pressure-length loop (mm Hg-mm). Global LV 
stroke work was calculated-as the product of mean 
arterial pressure and stroke volume (mm Hg-mL). 

Arterial oxygen concentration (Cao) and LAD 
venous blood oxygen content (Cvo2) were calculated 
from the following equation: (1.39 x So,/100 x Hb) + 
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Table 1. General Hemodynamics 


Control 
HR (beats/min) 115.00 + 4.96 
MAP (mm Hg) 77.39 + 6.46 
LVEDP (mm Hg) 9.69 + 1.24 
SV (mL) 22.51 + 0.71 
CO (L/min) 2.59 + 0.13 
LVSW (mm Hg/mL) 1737.47 + 151.87 


Control, values obtairied before the application of the constriction to the left anterior descending coronary artery; 
constriction; Volume, values recorded after colloid administration; HR, heart rate; MAP, mean arterial pressure; LVEDP, left ventricular end-diastolic 
SV, stroke volume; CO, cardiac output; LVSW, left ventricular stroke work. 
animals, 


Values are mean + skM for seven 
“P < 0.05 for comparison of constriction and volume phases. 


(0. 0031 x Po,), where So, is oxygen saturation and 
Po, is oxygen tension. The coefficient of oxygen 
delivery (COD) was derived from the equation COD = 
Cao./(Cao, — Cvoy). 

After completion of the operation, the halothane 
concentration was reduced to 0.5% for 30 min after 
which contro] values were recorded (CONTROL). 
The stenosis then was applied to the LAD artery and 
variables were recorded after 30 min (CONSTRIC- 
TION). Gelatin polypeptide (Haemocel, Hoechst) 
was given at a rate of 50 mL-every 10 min until 
LVEDP increased by 100% of that obtained at the 
CONSTRICTION phase or a decrease in myocardial 
lactate extraction of more than 10% was demon- 
strated. Data were then recorded (VOLUME). 

In addition, four pigs were subjected to similar 
surgical preparation. Preconstriction data were re- 
corded, and constrictidn to the LAD artery was 
applied as described. The preparation was then left 
for 120 min, and data were recorded at 60 and 
120 min. 

Data were initially analyzed with analysis of vari- 
ance (Tukey) and were tested for homogeneity with 
the multiple-range test. A confidence level of 0.05 
was accepted as indicative of statistical differences 
when CONTROL was compared with the CON- 
STRICTION and the CONSTRICTION was compared 
with VOLUME. 


‘Results 


Application of the constriction to the LAD artery did 
not result in global hemodynamic changes (Table 1). 
On a régional level, the systolic function (Ees) of both 
the LAD region, i.e., the segment supplied by the 
stenosed coronary artery, and the region supplied by 
the LX artery (normal segment) did not change. In 
the LAD region, the PSS did increase (P < 0.05), and 
in the LX regton, PSS remained unaltered (Table 2). 
The CO, tension in the blood draining the LAD 
segment increased, and the extraction of lactate, 
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Constriction ; Volume 
116.81 + 3.72 114.11 + 4.11 
68.34 + 6.05 80.21 + 5.18 
9.71 + 1.77 15.93 + 2.07 
22.26 + 0.80 26.00 + 1.00° 
2.60 + 0.10 2.95 + 0.08" 
1521.25 + 152.91 2087.01 + 165.49 


Constriction, values obtained after 
pressure; 


registered during the control phase, changed to lac- 
tate production after the application of the constric- 
tion (Table 3). 

Taken in combination, the significant change in 
lactate dynamics and PSS suggest that the degree of 
constriction applied to the LAD was significant al- 
though not sufficient to cause resting systolic dys- 
function. 

The aim of doubling the LVEDP with colloid ad- 
ministration was not realized in a single animal 
(average total volume of gelatin polypeptide given, 
8 mL/kg). Further changes in the PSS were observed 
in all seven animals before the LVEDP increased by 
100%. The ischemic changes were confirmed by a 
significant increase in lactate production from the 
LAD area after colloid administratiori was instituted 
(Tables 2 and 3). Additional evidence of regional 
myocardial ischemia comes from the significant re- 
duction in the venous Po, draining the LAD segment 
(Table 3). This was accompanied by a significant 
increase in the carbon dioxide tension (Pco,) and by 
a decrease in the pH (Table 3). The COD also was 
significantly reduced once volume was infused (Table 
3 


In the four surgical control animals, none of the 
variablés measured after the application of the con- 
striction changed within a 2-h period (Table 4). 


Discussion 


Résults indicate that in the acute open-chested pig 
model subjected to halothane anesthesia, colloid ad- 
ministration made early myocardial ischemia worse. 
This conclusion is based on (a) the reduction of the 
venous Po, and the increase in Pco, in the blood 
draining the myocardial segment supplied by the 
constricted coronary artery (14), (b) the increase in 
lactate production (15), and (c) the increase in the PSS 
(7). Our experimental results support previous find- 
ings, although our model is different from that of the 
other studies. In patients, the angina threshold was 


c 
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Table 2. Segmental Function 
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Control Constriction Volume 
LAD segment 
Ees (mm Hg/mm) 28.70 + 3.07 30.23 + 4.00 23.68 + 2.39 
L, (mm) 6.76 + 0.39 6.89 + 0.60 7.30 + 0.68 
Lmax (mm) 13.06 + 0.49 13.02 + 0.55 14.41 + 0.59 
dL% 23.73 + 1.19 24.73 + 1.46 23.84 + 1.30 
PSS (%) 9.62 + 4.24 26.12 + 5.81" 36.22 + 5.10° 
Work (mm Hg/mm) 234.11 + 16.54 208.45 + 23.27 251.49 + 23.07 
LX segment 
Ees (mm Hg/mm) 34.49 + 4,59 44.51 + 7.44 36.10 + 4.23 
L, (mm) 8.06 + 0.42 8.24 + 0.69 8.41 + 0.44 
Lmax (mm) 13.53 + 0.31 13.52 + 0.32 14.40 + 0.35 
dL% 19.79 + 1.28 20.20 + 1.49 21.79 + 1.40 
PSS (%) 10.36 + 4.13 4.59 + 3.20 9.03 + 3.33 
Work (mm Hg/mm) 231.86 + 42.86 188.23 + 23.64 211.30 + 28.91 


Control, values recorded before application of stenosis; Constriction, values obtained after colloid administration was completed; Volume, values recorded 


after colloid administration; LAD, left anterior descending coronary artery; LX, left circumflex coronary 


artery; Ees, end-systolic pressure-length ratio; Ly, 


projected regional length at time left ventricular pressure = 0; Lmax, maximum regional length; dL%, systolic regional shortening normalized for Lmax; PSS, 


postsystolic shortening. 
Values are mean + sxM for seven animals. 
“P < 0.05 for comparison of control and constriction phases. 
»P < 0.05 for comparison of constriction and volume phases. 


Table 3. Myocardial Oxygenation and Work of the Left Anterior Descending Coronary Artery Supply Region 


Control 
Pvo, (mm Hg) 41.60 + 8.94 
Svo- (%) 31.36 + 3.72 
Pvco, (mm Hg) 43.35 + 3.15 
pH, 7.37 + 0.01 
Lactate extraction (%) 15.88 + 2.38 
COD 1.53 + 0.08 


Constriction Volume 
36.74 + 9.37 17.34 + 1.23" 
20.43 + 0.97° 17.43 + 1,90 
50.85 + 4.12° 58.27 + 9.23 
7.34 + 0.02 7.28 + 0.014 
—9.56 + 5.32" —76.63 + 19.1% 
1.34 + 0.0% 1.22 + 0.03" 





- Control, values recorded before application of stenosis; Constriction, values obtained after colloid administration was completed; Volume, values recorded 
after colloid administration; Pvo,, venous oxygen tension; Svo, venous blood hemoglobin saturation; Pyco2, venous CO, tension; pH, pH in venous blood 
draining left anterior descending coronary artery region; Lactate extraction, arterial-venous lactate difference normalized for arterial lactate concentration 


expressed as percent; COD, coefficient of oxygen delivery. 
Values are mean + sEm for seven animals. 
‘P < 0.05 for comparison of constriction and volume phases. 
èP < 0.65 for comparison of control and constriction phases. 


reduced if the preload was augmented with low 
molecular dextran (4). In conscious dogs, reduction of 
the preload improved early diastolic dysfunction dur- 
ing reperfusion (16), and in patients with mild effort- 
related angina, it was demonstrated that myocardial 
wall motion abnormalities improved after an epidural 
anesthetic was given (17). This improvement in myo- 
cardial wall motion was associated with a significant 
decrease in LV end-diastolic volume; and if colloid 
administration was attempted, regional dysfunction 
became worse. The systolic function, judged from the 
static peak systolic pressure and end-systolic volume 
ratio, did not change throughout this study (17). 
The mechanism by which colloid administration 
induces regional ischemia is not entirely clear. Global 
variables that could have affected myocardial oxygen 
demand did not change during this study. The heart 
rate remained constant; hence, the decrease in dias- 


tolic perfusion time to the left ventricle remained 
unaltered. Global and regional stroke work (both in 
the LAD and LX segments) did not change when 
colloid were administered to the animals; and as the 
myocardial oxygen consumption is related to stroke 
work (18), it seems unlikely that an increase in 
oxygen demand could explain the regional dysfunc- 
tion that we observed. 

Under ideal conditions, the subendocardium is 
more susceptible to ischemia because of the relative 
impairment of its vasodilatory reserve (19,20). During 
partial coronary constriction, resting blood flow to 
the myocardium is maintained by progressive distal 
vasodilatation (21). For instance, an 80% stenosis is 
associated with a 72-mm Hg decrease in pressure 
distal to the stenosis compared with the aortic (or 
proximal to the lesion) pressure (22), with the result 
that nutrient flow is shifted from the subendocar- 
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Table 4. Selected Variables Showing the Stability of the Model 


Control Constriction Constriction + 60 min Constriction + 120 min 
HR (beats/min) 111.00 + 5.03 112.21 + 4.10 113.21 + 5.10 111.30 + 4.21 
MAP (mm Hg) 78.42 + 6.10 72.22 + 6.05 70.30 + 4.93 71.45 + 5.21 
CO (mm Hg) 2.72 + 0.22 2.71 + 0.11 2.65 + 0.37 2.72 + 0.42 
Ees LAD (mm Hg/mm) 29.67 + 3.11 31.60 + 4.62 30.70 + 4.28 29.00 + 4.21 
Lo (mm) 7.01 + 0.41 7.22 + 0.64 7.11 + 0.64 7.30 + 0.62 
dL% 24.44 + 1.20 24.74 + 1.60 24.20 + 1.83 23.84 + 2.91 
PSS (%) 8.01 + 4.20 23.22 + 5.00* 24.11 + 1.38 24.62 + 2.01 
Lactate extraction (%) 12.60 + 4.00 —6.34 + 4.11" —8.93 + 2.62 —5,34 + 3.21 
Pvo, (mm Hg) 40.01 + 6.82 35.61 + 9.44 34.21 + 1.44 34.12 + 3.60 
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Control, values recorded before application of the stenosis; Constriction, values obtained after colloid administration was completed; Constriction 
+ 60 min, 60 min after application of constriction; Constriction + 120 min, 120 min after application of constriction; HR, heart rate; MAP, mean arterial pressure; 


8 
pressure = 0; dL%, systolic regional shortening temelia te r 
Values are mean + sem for four animals. 
‘P < 0.05 for comparison of control and constriction phases. 


dium to the subepicardium (23). Under these condi- 
tions, the perfusion pressure to the subendocardium 
is the difference between the pressure immediately 
distal to the lesion and the LVEDP. Experimenital 
work has confirmed this concept. A study in dogs 
indicated that in the normal coronary artery, CBF is 
independent of LVEDP or LV end-diastolic volume. 
However, once distal vasodilatation occurred (caused 
by a flow-restrictive lesion), CBF was directly related 
to the perfusion pressure and an increase in LVEDP 
resulted in a decreased subendocardial flow (3). 

However, Bellamy (24) has indicated that coronary 
blood flow was influenced by back pressure that 
exceeds coronary sinus or LV diastolic pressure. 
Aversano et al. (25) demonstrated that an increase in 
LVEDP did not affect CBF, provided the aortic dias- 
tolic pressure was maintained in excess of 65 mm Hg. 
However, if the aortic diastolic pressure was reduced 
to 30 mm Hg (which approximates the distal pressure 
in a 85% stenosis), raising the LVEDP resulted in a 
decrease of CBF. The authors concluded that the 
conduction decreased as preload increased and also 
indicated that the zero flow intercept (P; = o) of the 
pressure-flow relationship increased as LVEDP was 
raised. It has also been demonstrated that halothane 
réduces the P; — 9 in dogs, thereby decreasing the 
level of CBF associated with ischemia; and the ati- 
thors concluded that halothane induced an improved 
coronary vascular reserve (26). The initial concept 
that coronary perfusion pressure is the difference 
between aortic diastolic pressure and LVEDP should 
therefore be modified to account for P; J o- 

As there is an inverse relationship between early 
ventricular relaxation and CBF (27) and as CBF is 
maximal early in diastole (28), the change in early 
diastolic function (PSS in this study) observed during 
colloid administration could possibly explain the 
worsening of the regional ischemia. Various studies 


CO, cardiac output; LAD, left arterior descending coronary yes Ees, end-systolic pressure-length ratio; Lo UA E TE length at time left ventricular 


Lmax PSS, postsystolic shortening; Pvo,, venous O, tensi 


have indicated that ischemia results in poor diastolic 
relaxation (29-32). As PSS is an early marker of 
diastolic dysfunction caused by ischemia (7), it may 
well be that this diastolic dysfunction could have 
resulted in an increase in P; . ọ and could have 
reduced the already marginal coronary blood flow 
present after the constriction was applied. This re- 
sulted in a subminimal level of CBF and further 
deterioration of ischemia. 

We are satisfied that the constriction we used was 
associated with a reduction in CBF to a point where 
early diastolic dysfunction occurred and metabolic 
markers for ischemia were present (11). Although the 
significance of lactate extraction has been questioned 
(33), the change from the lactate éxtraction to lactate 
production (in conjunction with the increase in PSS, 
decrease in venous Po, and increase in venous Pco, 
[14]) does indicate a significant constriction. In a 
previous study, we have demonstrated that a signif- 
icant increase in PSS and reduction in venous Po, 
were associated with a decrease in epicardial CBF 
from 81.48 + 8.55 to 56.94 + 7.12 mL-min 1-100 g7?. 
However, the lactate extraction was still within the 
normal range (10.54% + 3.20%) (11). In the present 
study, the reduction in CBF was probably in excess of 
that reported in the previous study because wé have 
demonstrated a significant change in lactate dynam- 
ics. However, in the absence of systolic dysfunction 
the increase in lactate production does differ signifi- 
cantly from that of the study of Waters et al. (10). 
They have documented lactate production when CBF 
was reduced to 48% + 4% of control values, and in 
their study lactate production did correlate with sys- 
tolic dysfunction. Waters et al. measured epicardial 
function, but one expects that at the time epicardial 
dysfunction is evident, endocardial dysfunction has 
already occurred. Except for some possible method- 
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ologic differences, we cannot explain the discrepancy 
between the two studies. 

There are difficulties in the evaluation of Ees in the 
presence of severe ischemia (34), but the position of 
Ees in mild ischemia has not been systematically 
addressed. However, the regional shortening of the 
ischemic myocardium did not change, and this sup- 
ports the contention that systolic dysfunction was 
absent. | 

In conclusion, we have indicated that colloid ad- 
ministration in the presence of an external coronary 
stenosis aggravates early regional ischemic dysfunc- 
tion. However, we cannot explain the mechanisms 
with certainty because of our inability to measure 
CBF to the endocardium. 


We acknowledge the assistance of Emmerentia Badenhorst, Petro 
Hanekom, and Jo Barnes. l 
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Receptor System of Human Lymphocytes 


Richard M. Smiley, MD, PhD, and Yvonne Vulliemoz, PhD 


Department of Anesthesiology, Columbia University College of Physicians and Surgeons, New York, New York 





Thirteen patients undergoing cardiac surgery were 
studied to examine whether 6-adrenergic desensiti- 
zation occurs in the perioperative period surrounding 
cardiac surgery, using peripheral blood lymphocytes 
as a model. Lymphocytes were isolated before induc- 
tion of anesthesia (PRE) and on the morning of the 
first postoperative day (POST). Cyclic adenosine 
monophosphate (cAMP) production from the lym- 
phocytes was assayed in the untreated (BASAL) 
state, and after treatment with 5 uM isoproterenol, 
10 uM prostaglandin E,, or 20 mM sodium fluoride 
with 10 uM AICI, (NaF). All cAMP values are re- 
ported as picomoles per 10° cells, mean + SEM. 
BASAL cAMP production did not change signifi- 





ctivation of the adrenergic system during the 

perioperative period has been a primary area 

of concern to anesthesiologists and intensiv- 
ists over the past several decades. Studies have 
repeatedly demonstrated increases in plasma and 
urinary catecholamines during and after surgery. 
However, despite clinical impressions and sugges- 
tions that alterations in responsiveness of target tis- 
sues might occur (1,2), there has been little attention 
paid to possible perioperative changes in sensitivity 
to catecholamines and related pharmacologic agents. 
It is well known that chronic exposure to high con- 
centrations of endogenous or exogenous catechol- 
amines can result in a down-regulation of adrenergic 
receptors or desensitization of the tissue response to 
adrenergic stimulation (3-10). Acute exposure has 
also been shown to have the potential to result in 
desensitization of adrenergic response (11-16). Re- 
cently, several reports using the human lymphocyte 
as a model have suggested that alterations in B-ad- 
renergic receptor characteristics may occur in surgical 
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cantly between the PRE and POST samples (PRE, 1.2 
+ 0.1; POST, 1.0 + 0.1). Isoproterenol-stimulated 
cAMP was significantly lower postoperatively (PRE, 
8.36 + 0.9; POST, 5.1 + 0.5; P < 0.005). Prostaglandin 
E,-stimulated cAMP did not change (PRE, 21.7 + 2.4; 
POST, 25.3 + 2.5), and NaF-stimulated cAMP was 
increased postoperatively (PRE, 8.8 + 1.6; POST, 14.3 
+ 2.0; P < 0.05). These findings suggest that cardiac 
surgery and/or cardiopulmonary bypass results in 
significant desensitization of the B-adrenergic recep- 
tor/adenylate cyclase system of lymphocytes, which 
may parallel changes in the adrenergic response of 
other organ systems. 

(Anesth Analg 1992;74:212-8) 





patients (17-20). As most of the cellular effects of 
B-adrenergic stimulation are mediated through the 
activation of adenylate cyclase and the formation of 
cyclic adenosine 3',5’-monophosphate (cyclic AMP, 
cAMP), any physiologically or clinically relevant al- 
teration in B-adrenergic receptor characteristics ought 
to involve a change in the ability of the cell to produce 
cAMP in response to an adrenergic stimulus. We 
have therefore examined whether surgery, including 
cardiopulmonary bypass, causes an alteration in the 
cAMP production of human lymphocytes. 


Methods 
Patients 


The study was approved by the Institutional Review 
Board of the Columbia Presbyterian Medical Center. 
Informed consent was obtained from 13 patients 
scheduled to undergo cardiac surgery. These patients 
included nine undergoing coronary artery bypass 
surgery and four undergoing open heart procedures 
(valve replacement or atrial septal defect repair). The 
group consisted of eight men and five women, and 
the average age was 59 + 4 yr (mean + SEM). Clinical 
information regarding the subjects is detailed in 
Table 1. 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 
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Table 1. Patient Data 
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Patient Age (yr) Sex Operation B-Block Ca-block Dig Nitrate Diuretic 
1 49 F MVR X X 
2 62 M CABG X X X 
3 54 F CABG X X 
4 28 F ASD X X X 
5 85 M CABG X 
6 62 M CABG X 
7 58 F MVR X 
8 68 M CABG X ` 
9 48 M AVR 

10 68 M CABG X X X 
11 56 M CABG X X X 
12 61 M CABG 

13 70 M CABG X 


ASD, atrial septal defect repair; AVR, aortic valve replacement; CABG, coronary artery bypass grafting; 
patient receiving -blockade therapy preoperatively (propranolol, metoprolol, or atenolol); Ca-block, patients receiving 
tients receiving digoxin preoperatively; Nitrate, patients receiving a nitrate preparation chronically; 


POETI (diltiazem, nifedipine, or verapamil); Dig, pa 
Diuretic, patients receiving diuretics (furosemide or hydrochlorthiazide). 


Surgical Procedure 


Patients were premedicated with 0.1 mg/kg of mor- 
phine and 0.2-0.4 mg of scopolamine IM, with 
5-10 mg of diazepam administered orally 60-90 min 
before surgery. Induction and maintenance of anes- 
thesia was accomplished primarily with fentanyl 
(50-120 ug/kg) and diazepam: (25-50 mg) over the 
course of the operation, and ventilation was con- 
trolled and maintained with 100% O,. Decisions 
regarding the details of anesthetic and operative 
management of the patients were left to the discre- 
tion of the attending anesthesiologists and surgeons. 
Volatile anesthetics, vasodilators, and vasopressors 
were used as needed. Before induction of anesthesia 
(PRE), a 40-mL blood sample was withdrawn from 
the radial arterial catheter; a second sample was 
drawn from the same arterial line on the morning of 
the first postoperative day (POST). At both time 
points an additional 5-mL sample was drawn for 
determination of plasma catecholamine concentra- 
tions. In preliminary experiments, seven cardiac sur- 
gical patients had blood sampled at the above two 
times and also from the cardiopulmonary bypass 
pump circuit 45-60 min after the initiation of bypass 
as rewarming was commencing. Another group of 
seven healthy, unmedicated volunteers not undergo- 
ing surgery had venous blood sampled on two con- 
secutive days as part of the validation of the assays 
and procedures in the study. After collection, all 
blood samples were immediately placed in heparin- 
ized tubes and maintained at 4°C throughout the 
lymphocyte isolation in an attempt to prevent any 
alterations to the in vivo state of the adrenergic 
system of the lymphocytes (21). 


; MVR, mitral valve replacement; B-block, X indicates 
calcium-channel blocker therapy 


Lymphocyte Isolation 


Lymphocytes were isolated from whole blood accord- 
ing to a modification of the method of Boyum (22). 
The heparinized blood was diluted 1:1 with 0.9 N 
sodium chloride. Within 1 h of blood collection, 
mononuclear cells were isolated by centrifugation 
through a Ficoll-Hypaque gradient for 40 min at 
400 g. The cell layer was suspended in phosphate- 
buffered saline (PBS: 10 mM Na,HPO,, 128 mM 
NaCl, 5.1 mM KCI, 1.2 mM MgSO, 5 mM glucose, 
adjusted to pH 7.4 with HCI) and washed three times 
by centrifugation at 100-200 g. The final pellet was 
suspended in 10 mL of PBS and stored at 4°C. Cells 
were counted by microscopy, with typical yields of 
3-10 x 10” mononuclear cells from 40 mL of whole 
blood. These consisted of 80%-95% lymphocytes, 
~10% monocytes, with >95% viability by trypan blue 
exclusion. Lymphocyte cAMP accumulation incuba- 
tions were performed within 4 h of isolation, and 
preliminary experiments confirmed that cAMP pro- 
duction did not change after 4 h of storage at 4°C. 


Cyclic Adenosine Monophosphate Accumulation 


Lymphocytes were incubated for 12 min at 37°C (10° 
cells in 1 mL of PBS, pH 7.4) in the presence of 
0.1 mM 3-isobutyl-1-methylxanthine to inhibit phos- 
phodiesterase activity. Cyclic AMP production was 
assayed in the untreated (BASAL) state and in the 
presence of the f-adrenergic agonist isoproterenol 
(5 uM), prostaglandin E, (PGE, 10 uM), and 20 mM 
sodium fluoride with 10 uM AlCl; (NaF). All reagents 
were added in 10 uL of PBS, with the BASAL receiv- 
ing 10 uL of PBS. Preliminary experiments demon- 
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strated that the above concentrations of isoprotere- 
nol, PGE}, and NaF resulted in maximal stimulation 
of cAMP. The incubations were terminated by plac- 
ing the tubes in boiling water for 5 min followed by 
centrifugation at 3000 g for 15 min at 4°C. The 
supernatant was removed and frozen at —70°C until 
determination of cAMP by radioimmunoassay (Bio- 
medical Technologies, Stoughton, Mass.). 


Plasma Catecholamine Concentrations 


The concentrations of epinephrine and norepineph- 
rine were determined by high-performance liquid 
chromatography with electrochemical detection by 
established methods (23). Complete preoperative and 
postoperative data were obtained for 10 of the 13 
patients. The lower limit for detection was approxi- 
mately 75 pg/mL. Epinephrine levels were frequently 
below this level preoperatively (and occasionally 
postoperatively); a value of 75 pg/mL has been as- 
signed to these samples for purposes of statistical 
analysis. 


Statistical Analysis 


Unless otherwise designated, data are reported as 
mean + sEM. Data on lymphocyte cAMP production 
and plasma catecholamine concentrations were com- 
pared at the two time points (PRE and POST) by 
two-tail paired t-test, so that each patient’s preoper- 
ative status served as his/her own control. Statistical 
significance was confirmed at the P < 0.05 level. 
Perioperative increases in plasma norepinephrine 
and epinephrine were compared with the decrease in 
isoproterenol-stimulated cAMP in individual patients 
by linear regression. 


Results 
Lymphocyte Cyclic Adenosine Monophosphate 


As indicated in Figure 1, basal cAMP production did 
not change from the PRE to POST time points (1.2 + 
0.5 vs 1.0 + 0.1 pmol/10° cells, respectively). At both 
time points, isoproterenol significantly stimulated 
cAMP production; however, isoproterenol-stimu- 
lated cAMP production was significantly lower in 
lymphocytes on postoperative day 1 compared with 
the preoperative samples. Isoproterenol-stimulated 
cAMP decreased 40% (PRE, 8.4 + 0.9; POST, 5.1 + 
0.5 pmol/10° cells; P < 0.005). In contrast, PGE,- 
stimulated cAMP did not change significantly (PRE, 
21.7 + 2.4;-POST, 25.3 + 2.5 pmol/10° cells). Cyclic 
AMP in lymphocytes treated with NaF increased 
significantly (PRE, 8.8 + 1.6; POST, 14.3 + 
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Figure 1. Lymphocyte cAMP production. Pre, lymphocytes iso- 


lated from blood sample taken preinduction; Post, lymphocytes 
from the morning of the first postoperative day after cardiac 

. BASAL, saline-treated lymphocytes; ISO, 50 uM isopro- 
terenol; PGE, 10 uM prostaglandin E,; NaF, 20 mM sodium 
fluoride with 10 uM aluminum chloride. “Significantly different 
from preoperative value, P < 0.05. 


3 


BASAL 15 iso 
Q 
3 
© 
S 2 16 
zm 
Š 
a 1 5 
< 
ke] 
PRE POST PRE POST 

40 PGE 30 NaF 
C) 
@ 
o 30 
E 20 
E 20 
Ss 
3 10 

106 
Š e 
u 
Fy 

PRE POST PRE POST 


Figure 2. Lymphocyte cAMP production from individual patients, 
Each line connects two points that indicate lymphocyte cAMP 
prann from a single patient in response to the indicated agent. 

, lymphocytes isolated from blood sample taken preinduction; 
POST, lymphocytes from the morning of the first postoperative 
day after cardiac surgery. 


2.0 pmol/10° cells; P < 0.05). The individual patient 
data are shown graphically in Figure 2. In the seven 
nonsurgical volunteers, BASAL and isoproterenol- 
stimulated cAMP were not different on the two 
sampling days (data not shown). Prostaglandin E, 
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Table 2. Plasma Catecholamine Concentrations 





Preoperative Postoperative 
Epinephrine (pg/mL) 183 + 59 555 + 170 
Norepinephrine (pg/mL) 722 + 94 1766 + 390 


Values are mean + SEM (n = 22). 


and NaF treatments were not performed on lympho- 
cytes from these patients. There were no significant 
differences between the patients undergoing valve 
replacement and those undergoing coronary artery 


bypass surgery. 


Plasma Catecholamine Concentrations 


Mean plasma epinephrine and norepinephrine were 
increased postoperatively (Table 2). There was no 
correlation of postoperative catecholamine concentra- 
tions or relative perioperative increases with the 
decrease seen in isoproterenol-stimulated cAMP pro- 
duction in individual patients. 


Discussion 


The B-adrenergic receptor has been widely studied as 
a model for the incidence and mechanism of receptor 
down-regulation and desensitization (8). Agonist 
binding to the B-receptor causes the receptor to 
interact with and activate the stimulatory guanine 
nucleotide binding protein (G,), which activates ade- 
nylate cyclase. Adenylate cyclase catalyzes the con- 
version of adenosine triphosphate to cAMP. Cyclic 
AMP activates the cAMP-dependent protein kinase, 
resulting in phosphorylation of particular proteins 
and specific actions that depend on the cell and tissue 
type, e.g., inotropy and chronotropy in myocardial 
tissue, relaxation in vascular smooth muscle, or lipol- 
ysis in adipose tissue. Alterations in adrenergic re- 
sponse may result from changes at any level of this 
cascade. 

There have been a few studies of B-adrenergic 
receptor regulation in the perioperative period. Eandi 
et al. (17) reported a 40% decrease in the number of 
B-receptors on lymphocytes from patients undergo- 
ing minor surgery when measured 24 h postopera- 
tively, which returned to normal by 36 h postopera- 
tively. Mantz et al. (18) reported that the affinity of 
lymphocyte B-adrenergic receptors for isoproterenol 
was decreased postoperatively in some patients un- 
dergoing coronary artery bypass surgery, particularly 
in those patients with high intraoperative plasma 
catecholamine concentrations, whereas receptor den- 
sity on the cell surface was slightly increased. An- 
other study from the same group reported a modest 
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Figure 3. Receptor/adenylate cyclase complex. Location of action 
of various pharmacologic agents on lymphocyte adenylate cyclase. 
ISO, isoproterenol; PGE, prostaglandin E,; NaF, sodium fluoride; 
ATP, adenosine triphosphate; cAMP, cyclic adenosine 3',5'- 
monophosphate; B-AR, B-adrenergic receptor; PGR, prostaglandin 
receptor; G,, stimulatory guanine-nucleotide binding protein; AC, 
adenylate cyclase. 


decrease (~20%) in receptor affinity for isoproterenol 
after noncardiac surgery in the subset of patients with 
intraoperative increases in catecholamines (19). In a 
study involving a different receptor system, ay 
adrenergic receptors on platelets were shown not to 
be down-regulated by cardiopulmonary bypass (24). 
However, a>-receptors appear somewhat resistant to 
down-regulation relative to the f-receptors, which 
have been studied more extensively (25). None of 
these perioperative studies examined any changes in 
cellular physiology that might have resulted from the 
changes in B-receptor characteristics, such as adenyl- 
ate cyclase activity or availability and activation of the 
G, protein. 

Our data indicate a postoperative decrease in the 
maximal cellular response to isoproterenol. Prosta- 
glandin E, stimulates cAMP formation via the same 
G-protein (G,) as B-adrenergic activation but does so 
by occupation and activation of a different surface 
receptor. Sodium fluoride acts at another site on the 
G-protein or on adenylate cyclase itself (Figure 3). In 
the cells studied, response to prostaglandin E, was 
maintained perioperatively. This may imply that the 
“molecular defect” or alteration that occurs in the 
lymphocyte receptor-cyclase complex perioperatively is 
at the level of the B-receptor itself or involves the ability 
of the receptor to interact with and activate the G-pro- 
tein, a phenomenon referred to as uncoupling. The 
retained or increased cAMP production in response to 
sodium fluoride, which activates the cascade directly at 
the G, or cyclase level, further supports this interpreta- 
tion, as it suggests that the distal receptor-effector 
complex remains relatively intact. It is tempting to 
conclude that the perioperative activation of the sym- 
pathetic nervous system, with consequent increased 
concentrations of plasma epinephrine and norepineph- 
rine caused a “reflex” desensitization of the lympho- 
cytes’ response to such activation. If a similar process 
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were to occur, for example, in the myocardium, one 
would predict a relative decrease in contractility and 
heart rate with a blunted response to endogenous or 
exogenous catecholamines and related agents. Indeed, 
Marty et al. (19) reported that those patients with 
reduced lymphocyte f-receptor affinity for isoprotere- 
nol had attenuated heart rate responses to adrenergic 
stimulation postoperatively. It should be noted, how- 
ever, that we could not demonstrate a correlation 
between the degree of increase in plasma catechol- 
amines and the degree of decrease in isoproterenol- 
stimulated cAMP production in lymphocytes. This may 
be partially explained by the heterogeneity and rela- 
tively small sample size of the population studied, or it 
could imply that stimuli other than plasma catechol- 
amines may be responsible. We only measured cate- 
cholamine concentrations at two time points, and this 
may not be sufficient to characterize the “stress re- 
sponse” to surgery. More frequent sampling of serum 
catecholamines might have clarified this issue. If desen- 
sitization of myocardial and other @-receptors is a 
common occurrence perioperatively, especially if it is 
related to or caused by activation of the sympathetic 
nervous system, it could have significant implications 
for strategies of clinical management. For example, it 
would serve as a further argument in favor of clinical 
maneuvers and/or pharmacologic agents aimed at elim- 
inating or blunting the stress response to surgery. 
There are several reasons to be cautious about 
drawing such conclusions from our results. The hü- 
man lymphocyte has been widely used for the study 
of B-adrenergic receptor mediated phenomena be- 
cause of the accessibility of the cells. However, using 
lymphocyte -receptors as markers for B-receptors on 
other organs can be problematic. Lymphocytes pos- 
sess B,-adrenergic receptors that have been shown to 
be accurate in reflecting changes in f,-receptors in 
other organs but less useful for reflecting alterations 
in properties of B,-adrenergic receptors (26). The 
heart possesses both B,- and f,-receptors, and there 
is evidence that they are differentially regulated 
(27,28). In addition, all the study patients underwent 
cardiac operations that involved cardiopulmonary 
bypass, so circulating lymphocytes were exposed to 
the roller pump, oxygenator, and other aspects of the 
cardiopulmonary bypass machine in a much more 
direct way than other organ systems. It is possible 
that such exposure could cause nonspecific alter- 
ations or cell damage that could be misinterpreted as 
desensitization or receptor down-regulation. How- 
ever, lymphocytes isolated near the end of the bypass 
run from seven patients: did not demonstrate the 
decrease in cAMP production seen in cells isolated on 
the first postoperative day, supporting the interpre- 
tation that the decreases in cAMP response were due 
to adrenergic hyperstimulation over a period of time, 
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rather than simply “pump trauma.” Further, the 
retained cAMP response to isoproterenol (fivefold 
increase over BASAL postoperatively) and the ability 
of PGE, and NaF to cause the same or increased 
formation of cAMP postoperatively argue agairist 
significant cell damage. 

The patients studied in this investigation received 
a variety of medications preoperatively that could 
have affected the results, although no obvious corre- 
lation of lymphocyte response with medical treat- 
ment was seen. Chronic B-blockade may cause an 
“up-regulation” of receptor number and cAMP re- 
sponse of cells, and one might speculate that these 
patients would be more susceptible to subsequent 
desensitization when the blockade is removed and 
the patient is exposed to significant adrenergic stim- 
ulation during the perioperative period. Calcium 
channel blockers may interact with the -adrenergic 
system, and there is evidence that calcium channel 
blockers may prevent desensitization in lymphocytes 
under certain conditions (29). The data reported here 
do not allow for any detailed analysis of these factors. 

A potentially more significant issue regarding this 
type of study on lymphocytes is that it has recently 
been demonstrated that some apparent acute and 
subacute alterations in lymphocyte receptor proper- 
ties and cAMP production in a variety of settings are 
actually due to changes in the proportions of the 
subpopulations of circulating lymphocytes (30-32). 
The various subpopulations of lymphocytes have 
different numbers of B-receptors and different cAMP 
responses to agonists. (31). Changes in circulating 
lymphocyte subpopulations have been reported to 
occur during the perioperative period of cardiac sur- 
gery (33-35). It is possible that changes in thé ratios of 
the various cell types could explain all or part of the 
cAMP production alterations we report here. How- 
ever, if one examines the data from the studies of 
Tonnesen et al. (33) on lymphocyte subpopulation 
alterations and the information from Maisel et al. (31) 
on cAMP responses of the various subpopulations, 
the prediction would be a slight increase in isopro- 
terenol-stimulated cAMP from lymphocytes on the 
first postoperative day rather than the significant 
decrease reported here. Preliminary data on lympho- 
cyte subpopulation alterations with cardiac surgery at 
our institution suggest similar changes to those re- 
ported by Tonnesen et al. (data not shown); thus, it 
appears unlikely that the changes in cAMP produc- 
tion reported in this study could be attributed exclu- 
sively to an alteration in lymphocyte subpopulation 
ratios. Some of the above limitations will be ad- 
dressed in a follow-up study of a more homogeneous 
patient population undergoing coronary artery by- 
pass surgery. This will include assessments of lym- 
phocyte subpopulations along with receptor density 
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and binding affinity alterations in addition to cAMP 
production in response to a variety of pharmacologic 
agents. Animal studies could allow examination of 
receptor changes in other organs (e.g., heart, vascu- 
lature, adipose tissue) that would complement hu- 
man lymphocyte studies. Finally, it is important to 
note that alterations in cAMP production in vitro are 
not always reflected in cellular or organ physiology. 
In some systems a maximal cellular response may be 
elicited by a small fraction of the amount of cAMP 
produced by a cell, and thus a decrease in the ability 
to generate cAMP may or may not have physiologic 
significance. This limitation in extrapolating from in 
vitro to in vivo is perhaps even more true of studies 
that only examine surface receptor binding proper- 
ties, owing to the frequent presence of “spare” re- 
ceptors, such that only a portion of the total number 
of receptors need to be occupied to generate a maxi- 
mal cellular response. Thus, any conclusions of this 
or other studies of receptor and second messenger 
function in the perioperative period will be strength- 
ened by correlation with clinical and physiologic 
variables. . 

In conclusion, we have demonstrated that surgery 
including cardiopulmonary bypass results in a signif- 
icant decrease in isoproterenol-stimulated cAMP pro- 
duction in human lymphocytes without a change in 
PGE,-stimulated cAMP, suggesting an alteration in 
the B-receptor/adenylate cyclase complex at the level 
of the receptor or of receptor coupling to the signal 
transducing protein G,. 


The authors thank Debra Schwinn, MD, Evelyn Horn, MD, and John 
Bilezikian, MD, for useful discussions related to this project, and 
Barbara Thornton for editorial assistance. 
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Influence of Five Different Priming Solutions on Platelet 
Function in Patients Undergoing Cardiac Surgery 


Joachim Boldt, MD, Bernfried Zickmann, MD, Benson M. Ballesteros M, MD, 
Fred Stertmann, MD, and Gunter Hempelmann, MD 


Departments of Anesthesiology and Intensive Care Medicine and Cardiovascular Surgery, Justus-Liebig-University 


Giessen, Giessen, Germany 


The ideal choice of a priming solution of the cardio- 
peepee bypass (CPB) and its influence on the 

emostatic system are not clear. Addition of albumin 
was reported to inhibit platelet damaging by blood- 
surface interactions (“coating”). To explore this pos- 
sibility in 60 consecutive male patients undergoing 
elective aortocoronary bypass grafting, five different 
priming solutions were randomly used: (1) 1000 mL 
of 5% dextrose + 1000 mL of Ringer’s solution (RS) + 
250 mL of 5% human albumin (HA); (2) 1850 mL of 
RS + 400 mL of 20% HA; (3) 1750 mL of RS + 500 mL 
of 10% low molecular weight hydroxyethyl starch 
(molecular weight average: 200,000; molar substitu- 
tion ratio: 0.5); (4) 1750 mL of RS + 500 mL of 3.5% 
gelatin; (5) 2250 mL of RS. Platelet function was 
studied by aggregometry (= turbidometric technique; 
1.0 and 2.0 zmol/L of adenosine diphosphate (ADP), 
4 pLl/mL of collagen, 25 umol/L of epinephrine) 
before, during, and after CPB until the first postop- 
erative day. Blood loss and need for homologous 
blood was not different between the groups. During 


bypass (CPB) varies widely. There is still no 

consensus in the ideal priming solution, partic- 
ularly with regard to hemostasis (1). During CPB, 
blood is continuously exposed to the nonendothelial, 
synthetic surfaces of the extracorporeal oxygenation 
circuit (2,3). Platelet adhesion and protein denatur- 
ation are possible sequelae of this blood/surface 
contact. Denaturated protein results in cellular 
aggregation, sludging, and microthrombosis. Dena- 
turation of red cell membranes induces a release 
of adenosine diphosphate (ADP), which leads to 
ageregation (4). The vicious cycle is continued as 
aggregated platelets release more ADP, promoting 


j | The solution used to prime the cardiopulmonary 
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CPB, maximum platelet aggregation induced by ADP 
was least compromised in group 1 and group 4. At 
the end of the operation ADP-induced aggregation 
increased in group 1 (+27%), whereas aggregation 
was decreased in the other priming solution groups. 
A significant increase in maximum aggregation was 
found in group 1 even on the first postoperative day 
(+132% + 16%). Collagen-induced aggregation was 
also least compromised in group 1. Epinephrine- 
induced platelet aggregation did not change and was 
similar for all groups. Maximum gradient of aggrega- 
tion was influenced in an identical way as maximum 
aggregation. We concluded that a priming solution 
consisting of dextrose, RS, and 250 mL of 5% HA was 
overall most effective in preserving platelet function. 
Addition of gelatin was not as effective for this 
purpose. Moreover, other aspects (e.g., material of 
the CPB, flow, temperature) appear to be more im- 
portant with regard to platelet function than the 
choice of a prime solution. 

(Anesth Analg 1992;74:219-25) 


further platelet aggregation (4). Preexposure of syn- 
thetic surfaces to albumin (“coating”) decreases 
the affinity of platelets to synthetic surfaces (5,6): 
platelet granule release would be reduced and mor- 
phologic integrity of the platelets would be preserved 
when using surface-absorbed albumin (7). Impair- 
ment in platelet function secondary to CPB is one of 
the most important reasons for enhanced and pro- 
longed bleeding in open heart surgery (8). Approxi- 
mately 10%-20% of patients undergoing cardiac sur- 
gery procedures exhibit inadequate hemostasis 
varying in its duration and severity. These patients 
often require treatment with homologous blood or 
blood products (9). Surgical reexploration is required 
in approximately 3% of these patients (8). This study 
was performed to investigate whether different prim- 
ing of the extracorporeal circuit influences platelet 
function and postbypass bleeding in cardiac surgery 
patients. 
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Methods 


Sixty male patients scheduled for elective aortocoro- 
nary bypass grafting were included in this study. 
According to the protocol of the human ethic study 
committee of the hospital, all patients gave informed 
consent to participate in the study. Exclusion criteria 
were preoperative coagulation disorders, concomi- 
tant valvular diseases, and medication with aspirin or 
other cyclooxygenase inhibitors within the last 10 
days. 

Preoperatively, the patients were allocated pro- 
spectively at random to one of the following groups 
with different priming of the heart lung machine: 


1 (n = 12). The extracorporeal circuit was primed 
with 1000 mL of Ringer’s solution (RS), 1000 mL of 
5% dextrose, and 250 mL of 5% human albumin 
(HA). This has been our priming for years (stan- 
dard priming). 

2 (n = 12). Priming solution consisted of 1850 mL of 
RS and 400 mL of 20% HA (albumin priming). 

3 (n = 12). Priming solution consisted of 1750 mL of 
RS and 500 mL of low molecular weight hydroxy- 
ethyl starch solution (LMW-HES) (10% HES, mo- 
lecular weight average [MW]: 200,000; molar sub- 
stitution ratio: 0.5) (HES priming). 

4 (n = 12). Priming solution consisted of 500 mL of 
gelatin (3.5%) and 1750 mL of RS (gelatin priming). 

5 (n = 12). The heart-lung machine was primed only 
with 2250 mL of RS (crystalloid priming). 


Induction and maintenance of anesthesia were 
performed by the intravenous administration of 
weight-related doses of fentanyl, pancuronium, and 
midazolam. Anesthetic procedure was standardized 
and comparable for all patients. 

Bovine lung heparin (300 IU/kg) was injected 5 min 
before the start of CPB, which was carried out by 
using a nonpulsatile pump and membrane oxygen- 
ators (Sorin 41, Sorin, Torino, Italy). Identical poly- 
vinylchloride and silicone tubing was used in all 
patients. Priming was chosen according to the ran- 
domized grouping list. A flow of 2.4 L-min™+-m? was 
maintained within the entire bypass period (lowest 
rectal temperature = 33.8 + 0.5°C). Blood was re- 
turned to the circuit using a two-stage cannula 
(monoatrial-cannulation technique). This technique 
implies that all fluids (cardioplegic solution, suction, 
cooling) are returned to the extracorporeal circuit. 
One thousand milliliters of cardioplegic solution 
(based on low sodium [15 mmol/L] and absence of 
calcium, contains mannitol [20 mmol/L], is buffered 
with histidine [180 mmol/L], and was infused for 
myocardial preservation. Within 20 min after the start 
of CPB,- the blood of the circuit was concentrated 
using a-hemofiltration device (HF-80, Fresenius, Bad 
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Homburg, Germany) with the aim to adjust hemo- 
globin between 8 and 10 g/dL. Ringer’s solution was 
added when necessary in the further course of the 
bypass period to maintain adequate volume of the 
extracorporeal circuit. Packed red cells were infused 
when hemoglobin was less than 7.5 g/dL. As much 
pump blood as necessary to keep pulmonary capil- 
lary wedge pressure between 10 and 12 mm Hg was 
infused during weaning from bypass. After separa- 
tion from CPB, the residual blood of the circuit was 
salvaged by the hemofiltration device, and the autol- 
ogous blood was retransfused until the end of the 
operation. Protamine sulfate was given in the same 
dosage as the initially administered heparin dose to 
antagonize heparin effects. 

Platelet aggregation was studied from arterial 
blood samples using the turbidometric method (10) 
and a double-channel APACT-aggregometer (Labor, 
Ahrensburg, Germany). Platelet count was adjusted 
to 150,000 platelets/mm”® before aggregometry. Ag- 
gregation was induced by ADP (1.0 and 2.0 umol/L), 
collagen (4 ug/mL), epinephrine (25 pmol/L), and 
NaCl (control). Maximal platelet aggregation was de- 
fined as the maximum increase in light transmission 
after addition of the aggregation agent (read as per- 
centage increase). Maximum gradient of platelet aggre- 
gation was defined as the maximum increase per 
minute (read as percentage increase per minute). 

The measurements were performed after induc- 
tion of anesthesia (baseline values), 20 min after onset 
of CPB (after hemoconcentration by hemofiltration 
technique), after separation from CPB (before infu- 
sion of protamine), at the end of operation (45 min 
after CPB), 5 h after the end of CPB, and on the 
morning of the first postoperative day. Hemoglobin, 
hematocrit, platelet count, activated clotting time and 
thromboelastogram (before and after operation) were 
also measured. 

In the postoperative period, 5% albumin was 
infused to maintain stable hemodynamics (when 
pulmonary capillary wedge pressure was less 
than 7 mm A and cardiac index was less than 
2.30 L-min`™--m^), and packed red cells were given 
when pape aka concentration was below 9 g/dL. 
All volume therapy was indicated by anesthesiolo- 
gists not involved in the study and blinded to the 
priming solution. Blood loss from the chest tube 
drainages and use of homologous blood were also 
documented. Shed mediastinal blood was not re- 
transfused during the postoperative period. 

Mean values + standard deviation (sp) were cal- 
culated for each parameter. One- and two-factorial 
analyses of variance (including multitesting analysis 
of variance) followed by the Scheffe test were used for 
statistical interpretation. In addition, percentage 
changes were calculated for aggregation variables. 
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Table 1. Comparison of Clinical Data With Each Priming Solution 


Priming solution 
Standard Albumin HES Gelatin Crystalloid 

Age (yr) 60.3 + 5.7 62.6 + 10.5 63.9 + 9.2 61.4 + 8.8 59.8 + 11.1 
Weight (kg) 77.1 + 6.3 75.5 $13.7 76.5 + 9.0 79.2 + 14.2 73.9 + 10.3 
LVEF (%) 68.2 + 15.9 68.0 + 15.3 71.0 + 14.4 68.8 + 13.8 66.5 + 11.2 
LVEDP (mm Hg) 8.5 + 4.0 1853 10.0 + 6.0 9.6 + 3.5 11.7 + 5.0 
Period of CPB (min) 85.6 + 20.1 83.3 + 10.7 82.9 + 24.1 82.9 + 20.5 79.9 + 17.9 
Ischemia (min) 53.6 + 16.9 54.6 + 11.43 50.0 + 17.3 52.6 + 18.4 47,7 + 11.3 
Fluid balance during CPB (mL) +210 + 400 +70 + 410 +20 + 390 +300 + 490 +690 + 600" 
Blood loss (mL) 

Operation day 180 + 70 270 + 120 250 + 150 290 + 160 240 + 90 

First postoperative day 440 + 100 530 + 240 550 + 210 560 + 220 530 + 150 
Homologous blood 0 1 patient 1 patient 2 patients 0 

1 unit 1 unit 2 units 


CPB, cardiopulmonary bypass; HES, hydroxyethy] starch; LVEF, left ventricular ejection ast LVEDP, left ventricular end-diastolic pressure. 


Values are mean + SD. 


'P < 0.05 vs. other groups. 


Table 2. Platelet Counts and Hemoglobin Concentrations With Each Priming Solution 


Variable Group i 


During 
Baseline CPB 
Platelets (10°/L) Standard 172 + 44 152 + 33 
Albumin 200 + 35 166 + 33 
HES 189 + 43 143 + 41 
Gelatin 216 + 56 175 + 62 
Crystalloid 17, = 57 137 + 53 
Hgb (g/dL) Standard 12.3 + 1.4 9.1 + 0.6 
Albumin (22 2 1:3 8.0 + 1.0 
HES LIEIS 8.7 + 0.7 
Gelatin 12.6 + 0.9 8.9 + 1.0 
Crystalloid 12.7 + 1.1 BTE 23 


5 min 45 min 5h 
after CPB after CPB after CPB Ist po day 
156 + 40 153 + 45 170 + 33 165 + 32 
153 + 31 151 + 25 149 + 22 157 + 26 
156 + 43 176 + 39 192 + 47 182 + 30 
189 + 66 188 + 78 180 + 76 190 + 59 
193 + 66 188 + 78 80 + 76 198 + 59 
9.8 + 0.6 11.1 + 0.6 12.5 + 1.4 12.3 + 1.6 
9.0 + 0.9 10.9 + 1.0 12.00 12k 12.1 + 1.0 
9.4 + 0.8 11.3 + 0.9 11.9 + 1.0 11.5 + 1.0 
99212 11.8 + 1.6 12.9 £ 0.9 11.9 + 0.8 
9.9 + 1.0 12.0 + 0.8 12:9: 155 11.6 + 1.5 


CPB, cardiopulmonary bypass; Hgb, hemoglobin; HES, hydroxyethyl starch; po, postoperative. 


Values are mean + sD. 


H-tests (Kruskall-Wallis) were additionally used to 
test- percentage changes. P values <0.05 were consid- 
ered significant. 


Results 


Biometric and CPB data were without differences 
between the groups (Table 1). Blood loss and use of 
homologous blood were also comparable for the 
groups: two patients given a priming solution to 
which gelatin was added needed 2 U of packed red 
cells postoperatively, and 1 U of packed red cells was 
given in the albumin and HES groups (Table 1). 
The degree of hemodilution (hemoglobin) and 
platelet count (Table 2) did not differ among the 
groups within the entire investigation period. Platelet 
aggregation, however, did differ between the five 
groups (Figures 1-4). During CPB, aggregation in- 


duced by 1.0 mol/L of ADP increased significantly in 


group 1 (standard: +84% + 12%) and group 4 (gela- 


tin: +78% + 13%). In the postbypass period, aggre- 
gation remained elevated in group 1, which could be 
demonstrated even on the first postoperative day 
(+132% + 16%). Aggregation in the other groups 
remained almost unchanged or even decreased at the 
end of the operation. Platelet aggregation induced by 
2.0 umol/L of ADP reacted similarly: the increase in 
aggregation was highest in group 1 (+48% + 12% 
during CPB) and remained elevated until the end of 
the investigation (+65% + 12% on the first postop- 
erative day). In the other groups, aggregation was 
significantly less increased or even decreased (at the 
end of the operation). Collagen-induced aggregation 
increased only in group 1 (+95% + 15% after wean- 
ing from CPB; +148% + 29% on the first postopera- 
tive day). Epinephrine-induced aggregation (Figure 
4) was not significantly different between the groups 
within the entire investigation period. The maximum 
gradient of aggregation reacted similarly to. the max- 

imum aggregation values. f. >» 
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Figure 1. Changes in maximum aggregation (%) induced by 1.0 umol/L of ADP in the different groups compared with preoperative 
control. CPB, cardiopulmonary bypass; op, operation; p.o., postoperative; HES, hydroxyethyl starch; HA, human albumin; *P < 0.05, 
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Figure 2. Changes in maximum aggregation (%) induced by 2.0 umol/L of ADP in the different groups compared with preoperative 
control. CPB, cardiopulmonary bypass; op, operation; p.o., postoperative; *P < 0.05, different from the other groups. 


None of the patients required further surgery 
because of postoperative bleeding. 


Discussion 


Cardiopulmonary bypass induces a variety of dif- 
ferent alterations in coagulation. Acquired platelet 
dysfunction seems to be a very important effect of the 
interaction of foreign materials with blood (3,11). 
Perhaps heparin, while blocking clot formation, can- 
not prevent platelet aggregation and activation of the 
enzymatic cascades related to factor XIII (12). As 
there does not exist completely blood-compatible 
synthetic surfaces, priming of the CPB equipment is 


thought to modify the negative blood-surface inter- 
actions (6). 

In general, the behavior of platelets during CPB 
can be divided into three different categories: (a) adher- 
ence, (b) aggregation, and (c) granule secretion (5,13- 
16). Platelet adhesion at the foreign surface is the initial 
step of platelet alteration. Platelet-to-surface and plate- 
let-to-platelet interactions induce platelet aggregation. 
Fibrinogen binding and glycoprotein are necessary for 
platelet aggregation (receptor-dependent). When plate- 
let activation progresses, a- and dense granule secre- 
tion occurs, by which membrane receptors of the plate- 
lets are altered and aggregation is changed. A reduction 
in the fibrinogen binding sites is probably an important 
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Figure 3. Changes in maximum aggregation (%) induced by 4 ug/L of collagen in the different 
CPB, cardiopulmonary bypass; op, operation; p.o., postoperative; *P < 0.05, different from 
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reason for deterioration in platelet function. The exact 
pathological mechanism of the platelet dysfunction is 
still not defined precisely (5). 

The benefit of adding albumin to the priming 
solution is based on the assumption that albumin 
may form an almost nonthrombogenic surface layer 
(6). However, whether this can be achieved by pre- 
circulation of priming solutions containing albumin 
or synthetic colloid remains unclear. Packham et al. 
(17) investigated the effects of surface coating with 
albumin on platelet functions in vitro: surfaces coated 
with albumin resulted in less adherence and subse- 
quent release of platelet constituents. 

Hydroxyethyl starch is a synthetic colloid that may 
replace much more expensive albumin as an additive 
to the priming solution. Saunders et al. (18) demon- 


end of op 





5 hafter op 
Figure 4. Changes in maximum aggregation (%) induced by 25 zmol/L of epinephrine in the different groups compared with preoperative 
control. CPB, cardiopulmonary bypass; op, operation; p.o., postoperative; *P < 0.05, different from the other groups. 


ist p.o.day 


strated that the addition of HES to priming solutions 
resulted in less abnormal platelet aggregation than 
did the addition of albumin and suggested that HES 
is a safe additive to priming solutions. By contrast, 
Palanzo et al. (19) found a more pronounced decrease 
in platelet count in patients with HES-primed CPB in 
comparison with patients with albumin-primed CPB 
(300 mL of 20% HA). Andrew (20) found no differ- 
ences between HES.and albumin priming when look- 
ing at platelet survival and fibrinogen changes. In an 
interinstitutional study, Mishler et al. (21) studied 85 
patients undergoing cardiac surgery. They demon- 
strated no significant differences in clotting and 
bleeding time, thromboelasiogram, and blood loss. 
High molecular weight HES (HMW-HES: MW 
450,000) was used in all these studies. The HMW- 
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HES solution, however, is known to impair coagula- 
tion much more than LMW-HES preparations (MW 
200,000). Thus, we decided to add LMW-HES to the 
priming solution because the coagulation system is 
expected to be significantly less deteriorated by this 
HES than by other synthetic colloids (i.e., HMW-HES 
or dextran) (22). 

Gelatin is another synthetic colloid used either for 
intravascular volume replacement or priming solu- 
tion additive. Bonser et al. (23) found a reduction in 
complement activation when adding polygeline to 
the priming solution. As complement activation 
might result in deterioration of various organ func- 
tions, this was suggested as an inexpensive method 
to reduce morbidity after CPB. 

Crystalloid priming represents the least expensive 
way of priming. Comparing a priming solution con- 
taining dextran or not (crystalloid priming), Kongs- 
gaard et al. (24) found no intergroup differences with 
regard to the kallikrein-kinin, fibrinolytic, and coag- 
ulation systems. Dextran, however, is known to 
possess the most negative effects on coagulation of all 
synthetic colloids. Marelli et al. (25) recently reported 
on a prospective study in 100 cardiac surgery patients 
some of whom had albumin added to the priming 
solution of the extracorporal circuit. They found few 
differences in patient outcome and doubted the value 
of adding albumin to the priming solutior{. Costs are 
increased markedly and the overall consequences are 
ambiguous. One major finding from our study was 
that postbypass bleeding was comparable for all 
priming solution groups. There were also no signifi- 
cant differences in need for homologous blood. 

Several studies reported on a reduction in aggre- 
gation variables secondary to CPB that was explained 
by a platelet dysfunction (5,14,15). The overall best 
effect on platelet aggregability was observed in those 
patients in whom our standard priming solution was 
used (group 1). Addition of gelatin resulted in an 
increased platelet activation (increase in maximum 
aggregation and maximum gradient of aggregation). 
Perhaps platelets in these groups were less damaged 
and their capability to react to inductors such as ADP 
and collagen remained less compromised than in the 
other patients. Mere crystalloid priming, addition of 
HES, or even addition of high-dose albumin have had 
significantly less beneficial effects on platelet func- 
tion. 

A comparison of our results with other studies is 
difficult because of widely varying study conditions: 
different oxygenators and suction technique, varying 
temperatures and flow profile, different blood con- 
servation techniques—all may influence platelet func- 
tion significantly. Moreover, most studies looking at 
different priming solutions focused on patient out- 
come, bleeding, or changes in gross coagulation (i.e., 
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platelet count). As the number of platelets is inde- 
pendent of platelet function, investigating platelet 
agpregability may help to evaluate the efficacy of the 
different priming methods. 

Platelet-to-surface interaction is only the inducing 
process initiating the release reactions and liberation 
of secretory products—followed by an excessive 
platelet-to-platelet interaction and resulting in abnor- 
malities in platelet function. In addition to these 
surface-related reasons for platelet abnormalities, 
various other aspects have to be taken into account 
including hypothermia, anesthetics, and infusion of 
homologous blood and drugs (5). The contribution of 
all these factors to platelet dysfunction after cardiac 
surgery remains undefined. 

We conclude that the degree of alterations in 
platelet function secondary to blood-surface interac- 
tion might be influenced by the physical, electro- 
chemical, biochemical, and chemical properties of the 
synthetic surface. The type of priming solutions may 
modify platelet function as well. Priming solutions 
consisting of dextrose, RS, and albumin can help to 
optimize quality of coagulation after extracorporeal 
oxygenation procedures. Addition of gelatin may also 
be of value for this purpose. 
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We compared the analgesia, side effects, and plasma 
concentrations of buprenorphine and fentanyl in a 
double-blind study of 78 parturients receiving one of 
these drugs by patient-controlled epidural infusion 
after elective cesarean section with epidural anesthe- 
sia. Patients were randomized to three epidural infu- 
sion groups: group 1 (n = 26), 3 pg/mL buprenor- 
phine with 0.015% bupivacaine and 1 pg/mL 
epinephrine; group 2 (n = 26), 3 wg/mL fentanyl with 
0.015% bupivacaine and 1 ug/mL epinephrine; and 
group 3 (n = 26), 3 ug/mL fentanyl with 0.015% 
bupivacaine. Plasma for determination of opioid con- 
centrations was obtained in some subjects in each 
group at intervals up to 48 h during the infusion and 
in some subjects from each group at intervals after 
the infusion was stopped. Pain relief was similar and 


cesarean section is effective and safe (1-5). Yet, 

there are untoward effects associated with the 
use of epidural opioids that include pruritus, nausea, 
vomiting, urinary retention, and respiratory depres- 
sion. The onset and severity of these side effects may 
vary with the opioid chosen and whether it is given 
by continuous infusion or by bolus injection. Several 
approaches have been recommended to decrease the 
incidence of side effects. These include the use of 
opioids with greater lipid solubility and the addition 
of local anesthetics with or without epinephrine (5- 


l The use of epidural opioids to relieve pain after a 
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satisfactory in all three groups. The median overall 
satisfaction scores were high for all three groups. 
Pruritus was more common in the fentanyl groups 
(P < 0.05}. However, vomiting was more disturbing 
to the patients and seen only with buprenorphine. 
No patient had a respiratory rate < 12 breaths/min. 
Epinephrine use was associated with a slower infu- 
sion rate (P < 0.05, group 2 vs 3). All patients were 
able to ambulate without difficulty. Mean opioid 
plasma concentrations did not exceed 1.5 ng/mL. 
Thus, epidural patient-controlled analgesia in all 
three groups provided excellent analgesia, Dagar nese 
ambulation, and was without serious side effects: 
Epidural buprenorphine offered no advantages over 
epidural fentanyl. 

| (Anesth Analg 1992;74:226-30) 


7). The use of a low-dose naloxone intravenous 
infusion (8) or epidural droperidol (9) has also been 
described. 

The highly lipid-soluble opioid fentanyl is widely 
used for epidural administration because of its low 
incidence of significant respiratory depression, uri- 
nary retention, and severe pruritus (1-3,10). Bu- 
prenorphine, an opioid agonist/antagonist with very 
high lipid solubility and affinity for the opioid recep- 
tor, provides satisfactory postoperative analgesia 
with few serious side effects when administered 
epidurally (11-15) and might be superior to fentanyl 
for this purpose. Studies on compatibility with spinal 
cord tissue and cerebrospinal fluid indicate that bu- 
prenorphine may be administered safely in the epi- 
dural space (16). ` 

To develop a regimen with minimal opioid- 
induced side effects in the setting of a prolonged 
(>24 h) epidural infusion after cesarean section, we 
evaluated quality of analgesia and incidence of side 
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effects of buprenorphine and fentanyl at doses found 
in our practice to be equipotent when given with a 
low (0.015%) concentration of bupivacaine and also 
whether epinephrine administration decreases fenta- 
nyl requirements. In addition, we assayed plasma 
concentrations of these opioids during and following 
the infusion to determine whether either drug accu- 
mulates in plasma. 


Methods 


The study was approved by the Institutional Review 
Board of the Albert Einstein College of Medicine, and 
written informed consent was obtained from each 
patient. Seventy-eight ASA physical status I-I par- 
turients at term, scheduled for elective cesarean sec- 
tion under epidural anesthesia were included. Pa- 
tients known to use sedatives or analgesics were 
excluded. After the subjects received 30 mL of 0.3 M 
sodium citrate and an intravenous infusion of 1.5-2 L 
of lactated Ringer’s solution, continuous lumbar epi- 
dural anesthesia to achieve a T4-6 sensory level was 
established by injecting 3 mL of 3% 2-chloroprocaine 
with 5 pg/mL of epinephrine followed by 0.5% bupi- 
vacaine with 2 ug/mL of epinephrine via a catheter 
placed at the L3-4 interspace. The epidural catheter 
was directed cephalad 3 cm into the epidural space. 
No opiates were administered before or during the 
surgical procedure. 

Upon arrival in the postanesthesia care unit, pa- 
tients were randomly allocated to one of three 
groups: group 1 (n = 26) received continuous epidu- 
ral patient-controlled analgesia (PCA) infusion of 
3 g/mL of buprenorphine with 0.015% bupivacaine 
and 1 ug/mL of epinephrine diluted in saline. Group 
2 (n = 26) received continuous epidural-PCA infusion 
of 3 wg/mL of fentanyl with 0.015% bupivacaine and 
1 pg/mL of epinephrine diluted in saline. Group 3 
(n = 26) received continuous epidural-PCA infusion 
of 3 ug/mL of fentanyl with 0.015% bupivacaine 
diluted in saline. The solutions used had been placed 
in coded bags and neither the investigator nor the 
patient was aware of which solution was being given. 
The epidural catheter was connected to a portable 
Pancretec 5500-mini infuser (Pancretec Inc., San 
Diego, Calif.) and each patient received an initial 
infusion at the rate of 10 mL/h, with self-administered 
10-mL boluses every 2 h as desired. No patient 
received systemic opioids or sedatives during this 
study. Every 4 h, or sooner if requested, an investi- 
gator evaluated the patient for each side effect and 
quality of analgesia, increased or decreased the infu- 
sion as needed, and administered additional 10-mL 
boluses if needed to achieve satisfaction. The decision 
that the infusion was no longer necessary was made 
by the patient. Pain intensity was assessed by using a 


OBSTETRIC ANESTHESIA COHEN ET AL. 227 


POSTCESAREAN SECTION EPIDURAL-PCA: BUPRENORPHINE VS FENTANYL 


10-point visual analogue scale in which progressive 
changes in facial expression indicate degree of pain 
(0 = no pain, 10 = most severe pain). Overall 
satisfaction with the infusion was assessed by using a 
10-point scale (0 = no satisfaction, 10 = best satisfac- 
tion). The patients were assessed for side effects 
using a three-point scale (1 = mild, 2 = moderate, 
3 = severe). Each patient had intravenous access 
throughout, and vital signs were monitored every 
1-2 h by a nurse. Patients started to ambulate 12-24 h 
after initiation of the study. The patients were as- 
sisted by a nurse during ambulation, and on each 
occasion heart rate and arterial blood pressure were 
measured at the start of ambulation. 

Plasma samples for determination of levels of 
fentanyl and buprenorphine were obtained before 
and at 4, 24, 36, and 48 h after the start of infusion in 
some patients randomly selected from each group. In 
other patients randomly selected from each group, 
plasma for determination of opioid concentrations 
was obtained at the time the infusion was discontin- 
ued and at 4, 8, and 12 h later. Venous blood samples 
were obtained from an antecubital vein of the arm 
contralateral to the one with an intravenous infusion, 
and after separation by centrifugation, plasmas were 
stored at —20°C until analysis. Plasma concentrations 
of fentanyl were determined using a radioimmuno- 
assay kit (Research Diagnostics, Flanders, N.J.) (17). 
Plasma concentrations of buprenorphine were deter- 
mined by Hazelton Laboratories Corp. (Vienna, Va.) 
using a radioimmunoassay (18). The fentanyl assay 
has a limit of detection of 0.1 ng/mL and a coefficient 
of variation of 6.0%, and the buprenorphine assay 
has a limit of detection of 0.1 ng/mL and a coefficient 
of variation of 7.6%. Data were analyzed using re- 
peated measures analysis of variance, Student's 
t-test, X or Fisher's exact test, and Wilcoxon signed- 
rank sum tests where appropriate. P < 0.05 was 
considered significant. 


Results 


There were no differences among the groups with 
respect to age, height, weight, gravity, or parity. Pain 
relief was satisfactory and similar in all three groups 
throughout the study (Table 1). The median overall 
satisfaction score was 9 for group 1, 9.5 for group 2, 
and 10 for group 3. The satisfaction score was higher 
in group 3 (P < 0.05, Wilcoxon rank sums) when 
compared with groups 1 or 2. The durations of 
infusions for groups 1, 2, and 3 did not differ signif- 
icantly (Wilcoxon rank sums) and were 42 + 2.0 h, 
47.8 + 2.0 h, and 44.8 + 2.9 h, respectively. Infusion 
rates during the first 44 h were higher for group 3 
than for groups 1 or 2 (Figure 1) (P < 0.05). In 


228 OBSTETRIC ANESTHESIA COHEN ET AL. 


POSTCESAREAN SECTION EPIDURAL-PCA: BUPRENORPHINE VS FENTANYL 


Table 1. Pain Scores 


Time of 
study Group 1 n Group2 n Group 3 n 
Oh 0 0 26 0 0 26 0 0 26 
lh 0 0 26 0 0 26 0 0 26 
4h 28+04 26 30205 26 #29406 26 
8h 19204 26 24+04 26 38+05 26 
24h 19+04 24 25+05 26 2.8+04 24 
36 h 1.8 + 0.4 23 17+04 25 2.0 +40.5 20 
48h 0702 “S O09 203: 7 16+04 13 


Pain scale: 0 = no pain, 10 = most severe pain. 
Value are mean + sz. Data were analyzed by repeated-measures analysis 
of variance. There were no significant differences among the groups. 


INFUSION RATE (mth) 





4 8 12 186 20 24 28 32 36 40 44 48 
TIME (Hours) 


Figure 1. Epidural-PCA infusion rates. Values are mean + sz. Data 


were analyzed by repeated-measures analysis of variance. Infusion 
rates during the first 44 h were faster for group 3 (A) than for group 
1 (@) or 2 (W) (P < 0.05). 


contrast, there were no differences in the infusion 
rates between groups 1 and 2 during the same time 
period. The amount of volume received as boluses 
was significantly larger (P < 0.01) for group 3 when 
compared with groups 1 or 2 during the first 12 h of 
the study (Figure 2). The total incidence of pruritus 
for patients in group 1 (30.8%) was lower than that 
for group 2 (65.4%) or 3 (73.1%) (P < 0.05, Fisher’s 
exact test). Pruritus was mild in most patients in all 
three groups. Severe pruritus requiring treatment 
occurred in one patient in group 2 and in three 
patients in group 3. The rostral spread of pruritus 
was limited and of the total number of patients who 
experienced pruritus, facial pruritus was present in 
only one of the eight in group 1, three of the 17 in 
group 2, and seven of the 19 in group 3. Sedation was 
common and occurred with similar frequency in all 
the groups (69.2% in group 1, 65.4% in group 2, and 
73.1% in group 3). Sedation was never more than 
mild, and no patient complained about the degree of 
sedation. The total incidence of nausea for patients in 
group 1 (38.5%) was higher (P < 0.05) than for group 
2 (3.8%) or 3 (3.8%). Nausea occurred in group 1 
4 = ag 
are 
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VOLUME (ml) 





4 8 12 16 20 24 28 32 38 40 44 48 
TIME (Hours) 


Figure 2. Supplemental study solution received after patient initi- 
ated requests. Values are mean + se. Data were analyzed by 
repeated-measures analysis of variance. Values are the total for 
the preceding 4-h interval. Group 1 (@), group 2 (W), group 3 (A). 
*P < 0.01, group 3 vs group 1 or 2. 


DRUG CONCENTRATION (ng'mi) 





Figure 3. Plasma concentrations of fentanyl and buprenorphine 
are shown as mean + sEM. No samples were obtained from group 
3 patients at the 48-h time. Data for groups 2 and 3 were compared 
by Student’s t-test. There were no significant differences between 
these groups. Group 1, filled bar; group 2, open bar; group 3, hatched 
bar. 


patients throughout the 48 h but did not occur in 
group 2 or 3 patients after 4 h. Vomiting was seen 
only in five buprenorphine-treated patients, and this 
occurred within the first 6 h of the study. No patient 
had a respiratory rate <12 breaths/min. One patient 
in group 1 required treatment for a single episode of 
urinary retention 6 h after removal of the urethral 
catheter. Patients did not complain of lower extremity 
sensory loss, and all were able to ambulate easily. 
Plasma opioid concentrations during 48 h of the 
study are shown in Figure 3. Groups 2 and 3 did not 
differ in mean plasma opioid concentrations (Figure 
3). In the subset of patients in which plasma opioid 
concentrations were measured at the time of termi- 
nation of the opioid infusion and at intervals there- 
after, those in groups 1 and 2 demonstrated an 
increase in mean plasma opioid levels 4 h after the 
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Figure 4. Plasma fentanyl and buprenorphine concentrations were 
obtained in a subset of patients at the time of discontinuation of the 


epidural-PCA infusion and at intervals thereafter. In this subset of 


patients, the epidural-PCA infusion was discontinued at 16-70 h. 
No samples were obtained from group 3 patients at the 8-h time. 
Data for groups 2 and 3 were compared by Student's t-test and 
there were no significant differences. The increase from baseline 
seen at the 4-h time point in group 1 was significant (P < 0.05, 
Wilcoxon signed-rank sum). Group 1, filled bar; group 2, open bar; 
group 3, hatched bar. 


end of the infusion (Figure 4). However, this change 
was significant (P < 0.02, Wilcoxon signed-rank sum) 
for group 1 only. In one subject in group 1, buprenor- 
phine plasma levels increased from 0.96 to 3.88 ng/mL 
at 4 h after the infusion was stopped. 


Discussion 


The goal of our study was to develop a regimen that 
provided prolonged (>24 h), effective postcesarean 
section pain relief, without interfering with ambula- 
tion and with minimal opioid-induced side effects. 
Epidural-PCA with all three regimens produced ex- 
cellent analgesia without serious side effects. Mean 
opioid plasma concentrations during the infusion 
did not exceed 1.0 ng/mL in any group. Patients in all 
three groups could easily ambulate and were very 
satisfied. Buprenorphine at doses producing a com- 
parable satisfactory analgesic effect caused a similar 
incidence of sedation, a lower incidence of pruritus, 
but a higher incidence of nausea and of vomiting, 
the side effect most disturbing to the patients, than 
did fentanyl. Sedation was never more than mild. 
Ellis et al. (19), in a study in which postcesarean 
section patients received fentanyl titrated to their 
requested level of analgesia by either intravenous or 
epidural infusion for 24 h, were unable to achieve 
adequate pain relief at their maximum allowable 
infusion rate in 25% of the patients in the intravenous 
group. Excessive somnolence occurred in 33% of 
patients in their intravenous group and in 12.5% 
of patients in their epidural group. Pruritus severe 
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enough to require treatment occurred in 11.5% of our 
patients who received fentanyl-bupivacaine and 3.8% 
of our patients who received fentanyl-bupivacaine- 
epinephrine. This is substantially lower than the 
incidence of 22% for postcesarean section patients 
receiving fentanyl- bupivacaine or 42% of postcesar- 
ean section patients receiving morphine-bupivacaine 
for 24 h by epidural infusion set at a constant rate 
reported by Fischer et al. (2). The incidence of nausea 
of 3.8% in both our fentanyl groups is similar to the 
3.4% for the fentanyl group and substantially lower 
than the 17.4% for the morphine group reported by 
these investigators. The incidence of nausea of 38.5% 
in our buprenorphine group is double that of their 
morphine group. Ellis et al. (19) provide no informa- 
tion on the incidence of pruritus or nausea in either of 
their groups. 

We have found that the addition of bupivacaine 
(0.03%) to epidural fentanyl produces marked leg 
numbness and consequent difficulty with ambulation 
in a substantial percentage of patients (20). In the 
present study, in the hope of reducing the opioid 
requirement without causing lower extremity sensory 
loss, we added bupivacaine (0.015%) to the epidural 
infusion. We provided satisfactory analgesia with a 
substantially lower amount of tae: than was 
needed in the study by Ellis et al. (19) in which 
patients receiving fentanyl alone by epidural infusion 
for pain relief after cesarean section were titrated to 
their requested level of analgesia. Whether in fact the 
low concentration of bupivacaine that we used per- 
mitted us to administer smaller amounts of opioid 
than would otherwise have been required needs to be 
confirmed. 

Consistent with prior studies (5,6,21,22), we found 
that the addition of epinephrine to epidural fentanyl 
and bupivacaine reduced the total drug requirement 
without affecting the incidence of side effects. How- 
ever, in contrast to a prior report (7), in our study the 
addition of epinephrine did not reduce plasma fen- 
tanyl concentrations. 

After termination of the opioid infusion, we ob- 
served a marked increase in plasma buprenorphine 
level and a small increase, which did not achieve 
statistical significance, in plasma fentanyl concentra- 
tion when epinephrine was present in the solution. 
The possibility that for several hours after cessation of 
epinephrine-containing epidural opioid infusions 
systemic opioid absorption may occur at a rate suffi- 
cient to increase plasma opioid levels should be 
considered when switching patients from these infu- 
sions to oral opica ee 
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ORIGINAL ARTICLES 


Plasma Inorganic Fluoride With Sevoflurane Anesthesia: 
Correlation With Indices of Hepatic and Renal Function 


Edward J. Frink, Jr, MD, Hanan Ghantous, PhD, T. Philip Malan, MD, PhD, 


scott Morgan, MS 
Burnell R. Brown, Jr, MD, PhD, FFARCS 


, Jeanne Fernando, Bs, A. Jay Gandolfi, PhD, and 


Department of Anesthesiology, University of Arizona Health Sciences Center, Tucson, Arizona 


The biotransformation and plasma inorganic fluoride 
ion production of sevoflurane (the new volatile anes- 
thetic) during and after surgical anesthesia was stud- 
ied in 50 ASA I or I ical patients. Twenty-five 
additional patients sees as controls by receiving 
isoflurane. Sevoflurane or isoflurane was adminis- 
tered with a semiclosed (total gas flow, 2 L/min O,) 
circle absorption system for durations of 1.0 to greater 
than 7.0 minimal alveolar concentration (MAC) hours 
for surgical anesthesia (sevoflurane MAC, 2.05%; 
isoflurane MAC, 1.15%). Preoperative and postoper- 
ative blood urea nitrogen and creatinine concentra- 
tions were determined. Blood samples were obtained 
during and after anesthesia in both groups for deter- 
mining anesthetic blood concentration analysis and 
plasma fluoride level. Plasma fluoride concentrations 
did not significantly increase during isoflurane anes- 
thesia. Sevoflurane biotransformation produced a 
mean peak plasma inorganic fluoride concentration 
of 29.3 + 1.8 pmol/L, 2 h after anesthesia, which 
decreased to 18 pmol/L concentration by 8 h after 


2,2,2 trifluoro-1-[trifluoro methyl] ethyl ether), 

is a fluorinated derivative of ethyl isopropyl 
ether. Sevoflurane has a blood-gas partition coeffi- 
cient of 0.60 (1) that allows a rapid induction of 
anesthesia and emergence (1,2). The low blood solu- 
bility and rapid elimination of sevoflurane also 
should limit the metabolism of this agent. 

Previous in vitro investigations have shown that 
sevoflurane undergoes considerable metabolism (3). 
In vivo studies in animals have shown sevoflurane 
produces peak serum fluoride values similar to those 
of enflurane anesthesia with no renal defect resulting 


l evoflurane [CH, F-O-CH (CF3),], (fluoromethyl 
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anesthesia. The peak plasma inorganic fluoride ion 
concentration correlated with duration of sevoflurane 
anesthetic exposure. Five patients given sevoflurane 
had peak levels transiently exceeding 50 umol/L,; and 
one of these had a history of ingesting drugs poten- 
tially producing hepatic enzyme induction. No in- 
creases in postoperative levels of creatinine, blood 
urea nitrogen, direct bilirubin, or hepatic transami- 
nase and no changes in serum electrolyte level oc- 
curred in either anesthetic group. Indirect bilirubin 
concentration increased significantly after sevoflu- 
rane anesthesia, but the increase was not of clinical 
significance (from 0.30 + 0.03 to 0.38 + 0.06 mg/dL). 
Indirect bilirubin concentrations did not increase after 
isoflurane anesthesia; the concentrations reached 
0.31 + 0.04 mg/dL and did not differ significantly 
from those found with sevoflurane. Even though 
plasma fluoride concentrations increased, no evi- 
dence of renal dysfunction occurred. 

(Anesth Analg 1992;74:231-5) 


(3,4). A previous study in human volunteers exposed 
to 2%~3% sevoflurane (minimum alveolar concentra- 
tion [MAC], 2.05% in humans) (5) showed peak 
serum inorganic fluoride concentrations averaging 
22 pmol/L (2). Fluoride production after surgical 
anesthesia has been evaluated in the Japanese popu- 
lation (6); however, studies after surgical anesthesia 
of various durations in North American populations 
have not been reported. In this study, we report the 
serum inorganic fluoride levels produced during and 
after sevoflurane anesthesia compared with isoflu- 
rane anesthesia in healthy surgical patients. 


Methods 


Seventy-five surgical patients (ASA I or H) were 
randomized to receive either sevoflurane or isoflu- 
rane anesthesia: 50 patients received sevoflurane and 
25, isoflurane. The protocol was approved by the 


Anesth Analg 1992;74:231-5 231 


232 FRINK ET AL. 
INORGANIC FLUORIDE WITH SEVOFLURANE 


Table 1. Hematologic and Hepatorenal Function Tests 


Sevoflurane 
Preoperative 

Hemoglobin (g/dL) 12.4 + 1.6 
WBC count (uL~*) 8.0 + 0.9 
Platelet count (#L74) 275 + 11.9 
Sodium (mmol/L) 139 + 2 
Potassium (mmol/L) . 4.1 0.4 
Uric acid (mg/dL) 43E 12 
AST (SGOT) (IU/L) 22 #1 
ALT (SGPT) (U/L) 1741 
Alkaline phosphatase (IU/L) 59 +3 
Bilirubin 

Direct (mg/dL) 0.21 + 0.01 

Indirect (mg/dL) 0.30 + 0.03 
Creatinine (mg/dL) 0.86 + 0.03 
BUN (mg/dL) 11.9 + 0.6 
Urine pH 6.38 + 1.1 
Urine specific gravity 1.02 + 0.01 
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Isoflurane 
Postoperative Preoperative Postoperative 
11.3 + 0:2 12.0 = 1.7 10.8 + 0.37 

9.4 + 0.4 7.0+0.5 9.3 + 0.4" 

270 + 11.3 288 + 18.1 276 + 15.8 
138 + 3 139 + 2 139 + 3 

4.0 + 0.3 4.1 + 0.3 4.0 + 0.3 

3.8 + 1.2 3.9 + 1.0 3.3 + 1.0 

2321 21 +1 214 1 

15+ 1% 144241 12 4 1" 

oI Ane 58 + 4 50 + 4" 
0.23 + 0.02 0.20 + 0.02 0.20 + 0.02 
0.38 + 0.06" 0.27 + 0.04 0.31 + 0.04 
0.81 + 0.02“ 0.89 + 0.08 0.78 + 0.03" 

7.3 + 0.4% 12.4 + 0.7 6.4 + 0.8* 

6.7 + 0.1 5.9+1.0 6.7 + 0.2 
1.01 + 0.00 1.02 + 0.01 1.01 + 0.01 


AST (SGOT), aspartate aminotransferase (serum glutamine oxaloacetic transaminase); ALT (SGPT), alanine aminotransferase (serum glutamic pyruvic 


transaminase); BUN, blood urea nitrogen. 


No differences exist between values for sevoflurane (n = 49) and isoflurane (n = 25) groups preoperatively and postoperatively. 


“Differs from preoperative value, P < 0.05. 


Institutional Review Board Human Subjects Commit- 
tee of the University of Arizona Health Sciences 
Center, and written informed consent was obtained 
from all patients. Preoperative measurements of se- 
rum uric acid, creatinine, and urea nitrogen levels 
and routine urinalysis were performed. 

Before anesthetic inductions, venous blood sam- 
ples were obtained for determination of plasma fluo- 
ride concentrations. minutes after receiving 
midazolam (0.01-0.03 mg/kg IV), the patient (while 
breathing oxygen) was anesthetized with an intrave- 
nous injection of 3-5 mg/kg of thiopental and either 
1-2 mg/kg of succinylcholine or 0.1 mg/kg of vecuro- 
nium for paralysis. Ventilation was controlled via a 
mask with the inspired concentration of (2-2.5 MAC) 
sevoflurane or isoflurane before tracheal intubation. 
Anesthesia after endotracheal intubation was main- 
tained using either sevoflurane or isoflurane admin- 
istered in 100% oxygen. Blood samples were obtained 
from a heparin-flushed catheter at hourly intervals 
during anesthetic delivery, and once at the end of 
anesthetic delivery for plasma fluoride concentration 
determination. Surgical anesthetic concentrations 
were delivered until surgical wound closure was 


completed. Controlled ventilation was maintained for _ 


1 min after anesthetic discontinuation, and spontane- 
ous ventilation was allowed to return. 

Venous blood samples for plasma fluoride analysis 
were obtained 1, 2, 3, 8, and 24 h after anesthesia. 
The MAC hours for sevoflurane and isoflurane expo- 
sures were calculated from percent anesthetic con- 
centration and duration of anesthetic exposure. The 


MAC values used were 2.05% for sevoflurane and 
1.15% for isoflurane. 

Plasma inorganic fluoride analysis was performed 
using an ion-selective electrode (Orion Research, 
Cambridge, Mass.) calibrated against standard solu- 
tions of sodium fluoride (1-100 pmol/L). 

Preoperative and postoperative electrolyte and re- 
nal function tests were compared between anesthet- 
ics using two-way analysis of variance. Regression 
analysis was used to evaluate the correlation of 
plasma fluoride concentration and anesthetic dura- 
tion. A P value of <0.05 was considered significant. 


Results 


Data from 25 isoflurane-anesthetized patients and 49 
sevoflurane-anesthetized patients were included for 
analysis. One patient in the sevoflurane group was 
excluded owing to preoperatively unrecognized neu- 
rologic disease. (The peak plasma fluoride value for 
this patient was 13.7 umol/L.) 

Patients anesthetized with either sevoflurane or 
isoflurane did not differ preoperatively in age, height, 
weight, or body mass index (see Table 1 of preceding 
article). Preoperative.and postoperative changes in 
levels of serum electrolytes, uric acid, blood urea 
nitrogen, serum creatinine, hepatic transaminases, 
and direct bilirubin did not differ between sevoflu- 
rane and isoflurane groups (Table 1). Indirect biliru- 
bin levels increased after sevoflurane anesthesia (P < 
0.05) but was not of clinical significance. Isoflurane 
anesthesia did not result in an increase in indirect 
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Figure 1. Mean plasma inorganic fluoride concentration during 
and after isoflurane or sevoflurane anesthesia. The mean peak 
value for isoflurane is 3.94 + 0.5 pmol/L and for sevoflurane, 
29.3 + 1.8 mol/L. Data points shown are mean + sem. Anesthesia 
time = mean anesthesia time for all cases. 


bilirubin concentrations postoperatively. Postopera- 
tive values for indirect bilirubin concentration did not 
differ between the sevoflurane and isoflurané groups. 

Among patients anesthetized with isoflurane, 
plasma inorgartic fluoride concentration increased 
with peak levels (3.9 + 0.5 pmol/L) occurring 8 h after 
anesthetic discontinuation. The maximum value re- 
corded for any patient in the isoflurane-anesthetized 
group was 9.3 pmol/L (Figure 1). 

A larger quantity of inorganic fluoride was pro- 
duced after sevoflurane anesthesia (Figure 1). Peak 
plasma fluoride concentrations (29.3 pmol/L) oc- 
curred 2 h after anesthetic discontinuation. By.8 h, 
the plasma fluoride level had decreased to 18 pmol/L; 
and by 24 h, the concentration was less than 10 pmol/L., 

A positive correlation was found for the relation- 
ship between anesthetic dose and peak plasma inor- 
ganic fluoride concentration in patients anesthetized 
with sevoflurane (r, 0.65, P < 0.01). No positive 
relationship was demonstrated for the isoflurane 
with respect to MAC hours and peak plasma inor- 
ganic fluoride values (Figure 2). 


Discussion 

Sevoflurane undergoes biotransformation with the 
production of free fluoride ions (3,4) that appear to be 
largely derived from the fluoromethy] group of sevo- 
flurane aftef metabolic cleavage of the ether (Figure 
3). The stoichiometry of fluoride production is one 
fluoride ion produced for each sevoflurane ion 
biotrarisformed. Our results showed that sevoflurane 
is readily biotransformed, producing a mean peak 
serum fluoride concentration of 29.3 + 1.8 mol/L for 
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Figure 2. Correlation between individual peak plasma inorganic 
fluoride values for sevoflurane- and isoflurane-anesthetized pa- 
tients and MAC-hours. A positive correlation was demonstrated 
only for sevoflurane anesthetic duration and peak plasma fluoride 
concentration, r = 0.65, P < 0.01. 


all patients after surgical anesthesia with sevoflurane 
and oxygen. 

‘The administration of methoxyflurane in animals 
and humans can produce a dose-related effect on the 
renal-concentrating ability, which is related to the 
production of excess fluoride through biotransfor- 
mation (7,8). Studies evaluating methoxyflurane- 
induced nephrotoxicity have recorded a renal- 
concentrating defect only when serum organic 
fluoride levels exceeded 50 umol/L (9). The peak 
plasma fluoride concentrations in our patients after 
sevoflurane anesthesia were well below this level. 

Enflurane anesthesia is also capable of producing 
increased serum fluoride concentrations with a pro- 
file somewhat more similar to that of sevoflurane 
(where serum fluoride concentrations decrease 
within 24-48 h after anesthesia rather than remain 
elevated for several days as occurs after methoxyflu- 
rane anesthesia). The threshold for enflurane-related 
fluoride-induced alteration in maximum renal- 
concentrating ability when tested using vassopressin 
injection was detectable when peak serum fluoride 
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Figure 3. Proposed biotransformation of sevoflurane. UDPGA, 
uridine diphosphate glucuronic acid. 
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levels exceeded 33 pmol/L (10). In our study, the 
mean peak plasma fluoride value for all patients 
receiving sevoflurane anesthesia still did not exceed 
this level. No patient in our study had significant 
changes iri levels of electrolytes, blood urea nitrogen, 
or creatinine compared with that of the isoflurane 
group. during the preoperative and postoperative 
periods. 

Examination of the fluoride-induced nephrotoxic 
potential of inhaled anesthetics must take into ac- 
count the degree of metabolism of the agent and its 
duration of availability for métabolism. A discrepancy 
between the in vitro rates of defluorination of sevo- 
flurane and its in vivo serum fluoride levels after 
anesthesia in rats has been observed. That is, sevo- 
flurane in hepatic microsomes was defluorinated at a 
rate similar to methoxyflurane, yet, in whole animal 
studies, the peak fluoride levels were one-fourth 
those of methoxyflurane (11). This is undoubtedly 
due to the rapid elimination of sevoflurane (see 
Figure 4, preceding article) through the pulmonary 
route compared with the greater solubility of meth- 
oxyflurane that allows more extensive metabolism 
of the drug to occur. This phenomenon may also exist 
to a lesser extent when sevoflurane is compared with 
enflurane, The mean peak plasma fluoride level for 
all patients studied was 29.3 umol/L, occurring 2 h 
after anesthesia. This peak inorganic fluoride level is 
similar to that produced in volunteers 6 h after 
enflurane expostire in a study by Mazze et al. (10). 
However, the area under the curve for fluoride pro- 
duction and elimination of the two anesthetics differs 
in that fluoride levels in the blood by 8 h after 
anesthesia with enflurane (blood-gas partition coeffi- 
cient, 1.9) were still approximately 32 umol/L, 
whereas comparable 8-h fluoride levels after sevoflu- 
rane anesthesia in our study were 18.9 pmol/L. It is 
probably not only the peak serum fluoride level 
that is responsible for producing nephrotoxicity but 
also the length of time that the kidney is exposed to 
high concentrations of fluoride (10,12). The rapid 
decrease in plasma inorganic fluoride levels after 
sevoflurane anesthesia may prevent development of 
a plasma fluoride profile capable of producing a 
renal-concentrating defect. Studies in Fisher 344 rats 
anesthetized with sevoflurane (1.4% concentration) 
for 4 h have shown levels of fluoride production 
(29.1 wmol/L peak) consistent with our results (in 
humans), which do not result in a renal defect (3). 

Prolonged sevoflurane exposure (average 4.7 MAC 
hours) in five of our patients produced higher peak 
plasma fluoride values of 50 pmol/L. Though no 
abnormalities in serum electrolytes, blood urea nitro- 
gen, or creatinine occurred in any of these patients, 
discrete abnormalities in renal-concentrating ability 
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were not evaluated in this study. It is uncertain if this 
fluoride level after sevoflurane anesthesia is capable 
of producing a concentrating abnormality in humans. 

The ability for hepatic enzyme induction to in- 
crease sevoflurane metabolism has been evaluated to 
a limited extent in previous studies. Phenobarbital 
can increase sevoflurane metabolism in Fisher 344 
tats but to a lesser extent than the increase in de- 
fluorination produced by phenobarbital pretreatment 
before methoxyflurane anesthesia (4). Isoniazid has 
been shown to increase sevoflurane defluorination in 
rat hepatic microsomes (11). The observed increase in 
metabolism was less than that which occurred with 
enflurane but greater than that with isoflurane. Eth- 
anol ingestion in rats has also been shown to increase 
sevoflurane metabolism and to result in an increase in 
inorganic fluoride production (13). It is unclear 
whether enzyme induction played a role in the fluo- 
ride production level in some of our patients. One 
patient anesthetized with sevoflurane had an unusu- 
ally high fluoride level (62 pmol/L) after 3.5 MAC 
hours of anesthesia. This patient had an undisclosed 
preoperative history of prescription drug abuse that 
included valium and codeine use. In addition, the 
patient admitted he used pentobarbital for 4 days 
preoperatively in combination with valium in an 
unspecified quantity for anxiety symptoms. The pos- 
sible role of these drugs on the extent of sevoflurane 
metabolism in this patient is unclear; however, the 
higher fluoride concentrations for this duration of 
sevoflurane exposure suggest a possible role for an 
enzyme-induction-related increase in anesthetic me- 
tabolism in this patient. 

Our results of fluoride production after isoflurane 
anesthesia are comparable to those of previously 
reported results with peak serum fluoride values of 
less than 10 pmol/L in all patients (14). 

Sevoflurane was delivered using a semiclosed an- 
esthetic circuit with soda lime for CO, absorption. 
Questions regarding sevoflurane degradation with 
CO, absorption materials have emerged (15); how- 
ever, recent studies have shown that sevoflurane can 
be delivered safely with soda lime in a semiclosed 
anesthetic circuit (16). As our laboratory investiga- 
tions with sevoflurane show, no evidence of organo- 
toxicity was evident. There was no postoperative 
elevation of hepatocellular enzymes, although indi- 
rect bilirubin concentrations after sevoflurane anes- 
thesia increased compared with preoperative values. 
The postoperative values did not differ from that of 
the sevoflurane group, and the increase was of no 
clinical significance. 

Our study demonstrates that sevoflurane delivery 
to surgical patients produced a mean peak serum 
fluoride level of 29 nmol/L with a rapid decrease in 
serum fluoride levels to almost half this value by 8 h 
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after anesthetic discontinuation. No evidence of ab- 
normal renal function occurred in any of the patients 
exposed to sevoflurane in the postoperative period; 
however, an effect on the renal-concentrating ability 
after sevoflurane was not evaluated. In healthy pa- 
tients, postoperative renal dysfunction appears to be 
unlikely with sevoflurane anesthesia as its low blood- 
gas solubility coefficient and rapid elimination may 
preclude prolonged elevated levels of fluoride and 
resultant renal dysfunction. 
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Plasma Fluoride Concentrations During and After 
Prolonged Anesthesia: A Comparison of Halothane 


and Isoflurane 


James M. Murray, MB, FFARCSI, and Thomas R. Trinick, MD, MRCP, MRCPath 
Departments of Anesthesiology and Biochemistry, Ulster Hospital, Belfast, Northern Ireland 


Serum ino ic fluoride concentrations were stud- 
ied in 19 adult patients undergoing prolonged head 
and neck surgery with either halothane or isoflurane 
anesthesia (mean 19.5 and 19.2 MAC-hours, respec- 
tively). In the group of nine patients anesthetized 
with isoflurane, plasma inorganic fluoride increased 
from a mean concentration of 3.5 pmol/L (baseline) to 
a peak of 43.2 umol/L. Forty percent of the patients in 
the isoflurane group had peak plasma inorganic flu- 
oride concentrations of more than 50 wmol/L. In the 
group that received halothane, plasma inorganic 
fluoride concentrations increased from a mean of 
3.8 mmol/L to a peak of 12.6 mol/L. Despite similar 
exposures to both anesthetics, the differences in 


one of the inhaled anesthetics now in use has 

any known direct nephrotoxic effect. How- 

ever, because volatile anesthetics are fluori- 
nated to reduce their flammability, they may, in 
theory, be potentially nephrotoxic. The kidney is 
especially susceptible to damage from drugs or toxins 
because of its larger perfusion and the increased 
concentration of excreted compounds that occur in 
renal tubular cells during absorption and secretion. 
Renal toxicity owing to biodegration of anesthetics to 
reactive intermediates or toxic products such as fluo- 
ride ions increases as peak serum fluoride concentra- 
tions increase above 50 umol/L (1). Subclinical toxicity 
has been reported at lower concentrations for ex- 
tended periods (2). 

In selecting anesthetics for prolonged administra- 
tion, possible nephrotoxic potential resulting from 
extended exposure should be considered. Even 
though isoflurane is associated with the least degree 
of biotransformation of all the fluorinated hydrocar- 
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serum inorganic fluoride concentrations between the 
two groups were significant at 10, 24, and 48 h after 
induction of anesthesia (P = 0.035, P = 0.003, and 
P = 0.003, respectively). Serum electrolyte, urea, and 
creatinine concentrations and urine output rates dur- 
ing and after surgery were similar in both groups. We 
conclude that, after anesthesia of up to 20 MAC- 
hours, metabolism of isoflurane to inorganic fluoride 
may be of a greater magnitude than has previously 
been realized. Although no clinical or biochemical 
evidence was found to suggest postoperative renal 
dysfunction, we recommend caution using isoflurane 
when prolonged anesthesia and surgery are planned. 

(Anesth Analg 1992;74:236-40) 


bon anesthetics (only 0.2%-0.3% of a given dose is 
metabolized), we sought to determine whether pro- 
longed anesthesia with either halothane or isoflurane 
produced clinically significant increases in serum 
inorganic fluoride. 


Methods 


Nineteen adult patients, aged 20-75 yr, undergoing 
prolonged head and neck reconstructive surgery 
were included in the study. They were randomly 
assigned to receive halothane (n = 10) or isoflurane 
(n = 9). Ethical approval and informed consent were 
obtained. Patients with evidence of renal disease, 
either clinical or biochemical, or who had received an 
inhaled anesthetic in the preceding 3 mo were ex- 
cluded from the trial. Patients with a history of 
alcohol abuse were also excluded from the study. No 
patient was taking drugs known to induce liver 
enzymes or affect renal function. 

No premedication was given. All patients received 
a similar anesthetic sequence. This included fentanyl 
(5 ug/kg IV) and an intravenous dose of thiopental 
sufficient to obtund the eyelash reflex, with neuro- 
muscular blockade achieved by intravenous atracu- 
rium (0.5 mg/kg). After nasotracheal intubation, an- 
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esthesia was maintained by adjusting the inspired 
concentration of the anesthetic to achieve an alveolar 
concentration of approximately 2 MAC, equal to 2.4% 
for isoflurane and 1.4% for halothane, in air and 
oxygen (Fro, = 0.4). Ventilation was adjusted to 
maintain normocapnea. Oxygen saturation was mon- 
itored throughout the procedure and remained 
within normal limits. Analysis of arterial blood gases 
was determined intermittently. 

End-tidal concentrations of halothane and isoflu- 
rane were measured with an Engstrom Emma agent 
monitor, and MAC-hours of each anesthetic were 
calculated and corrected for patient age (3). (MAC- 
hour = anesthesia time [hours] x MAC value admin- 
istered, in this study an average of 2 MAC of each 
anesthetic per hour.) Electrocardiogram, skin and 
core temperature, direct arterial blood pressure, and 
central venous pressure were continuously moni- 
tored. During surgery and after operation, the vol- 
ume of fluid administered, including blood, was 
carefully titrated against hemodynamic status, uri- 
nary output, and a desired hematocrit of between 
30% and 33%. Considerable attention was given to 
maintaining the hematocrit within this range to en- 
sure optimal perfusion in the microvascular anasto- 
moses of the free flaps used to reconstruct the surgi- 
cal defects. 

A modest, controlled reduction of arterial blood 
pressure was used throughout the procedure to facil- 
itate surgical access and to reduce blood loss. The 
arterial blood pressure was maintained at an average 
value of 100 mm Hg (systolic) in each case. This was 
achieved by maintaining an alveolar concentration of 
anesthetic of approximately 2 MAC. If necessary, 
increases in arterial pressure were treated by bolus 
doses of intravenous fentanyl. No systolic blood 
pressure lower than 80 mm Hg was recorded, and 
vasopressors were not used. 

Arterial blood samples for measurement of plasma 
fluoride were collected before operation, at 5 h after 
induction of anesthesia, and at 10 h after induction of 
anesthesia (when surgery was usually completed). 
These measurements were repeated at 24 and 48 h 
after induction of anesthesia. 

After separation of the plasma, ionic fluoride con- 
centrations were determined by direct ion-selective 
potentiometry using a specific ion fluoride electrode 
in conjunction with a combination pH electrode (Mi- 
croprocessor ionalyzer/901 Orion Research Ltd.). This 
forms a differential cell very sensitive to low concen- 
trations of fluoride. When compared with the perfor- 
mance of a single fluoride electrode plus an Ag/AgCl 
reference electrode, the differential cell is not only as 
consistent and accurate but also has a much shorter 
response time (2 vs 20 min) and requires a much 
smaller sample volume (0.05 vs 1.0 mL). All reference 


AND TRINICK 2937 


MURRAY 
FLUORIDE CONCENTRATIONS AFTER PROLONGED ANESTHESIA 


Table 1. Patient Details 


Halothane (n = 10) Isoflurane (n = 9) 


Age (yr) 64.8 (6.56) 53.4 (13.5) 
Weight (kg) 72.8 (5.39) 69.0 (10.9) 
Male 7 5 


Female 3 4 


Values are mean + SD. 


Table 2. Isoflurane Patients: Operative Data 


Anesthesia time Dose 
Patient No. MAC (h) (MAC-hours) 
1 2.0 9.8 19.6 
2 2.1 9.6 20.2 
3 1.8 10.2 18.4 
4 1.9 10.7 20.3 
5 2.0 9.5 19.0 
6 2.0 9.1 18.2 
7 1.8 10.3 18.5 
8 1.9 10.1 19.2 
9 1.8 10.5 19.0 
Mean 1.9 : 9.9 19.2 
(sp) (0.11) (0.52) (0.76) 


solutions were made up using double-deionized wa- 
ter, and care was taken to avoid contamination from 
glassware. Interassay coefficients of variation were 
2.5% and 1.8% at mean plasma fluoride concentra- 
tions of 2.4 and 40 pmol/L, respectively. The lower 
limit for estimation of fluoride was 0.5 mol/L, with 
linearity from this limit of detection to 95 pmol/L 
(linear correlation coefficient, r = 0.98). 

Further arterial blood samples were taken before 
operation, at the 24-h interval, and at the 48-h inter- 
val for estimating serum urea, electrolytes, and cre- 
atinine. Diuretics were not administered either dur- 
ing or after operation. Hourly urine output was 
recorded. Statistical analysis of the data from the two 
study groups was performed using the ;-test, and 
paired and unpaired t-tests where appropriate. A 
value of P less than 0.05 was considered significant. 


Results . 


The preoperative and operative details of the 19 
patients who were studied are outlined in Tables 1, 2, 
and 3. No significant variation between the two 
groups was observed before operation. Mean (sD) 
exposure to halothane and isoflurane in both groups 
was similar: 19.5 (1.72) and 19.2 (0.76) MAC-hours, 
respectively. A continuous linear increase in serum 
fluoride concentration occurred during operation in 
those patients who received isoflurane. This increase 
continued after operation until peak fluoride concen- 
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Table 3. Halothane Patients: Operative Data 


Anesthesia time Dose 
Patient No. MAC (h) (MAC-hours) 
1 2.1 10.2 21.6 
2 1.8 11.3 20.16 
3 1.7 10.5 17.8 
4 2.0 10.0. 20.0 
5 1.8 9.2 16.6 
6 1.9 9.8 18.6 
7 2.0 10.6 21.2 
8 1.9 9.5 18.1 
9 2.1 10.2 21.5 
10 1.9 9.9 18.8 
Mean 1.9 10.2 19.5 
(+sD) (0.13) (0.59) (1.72) 


trations were reached (24 h after induction of anes- 
thesia). In the group of patients who received 
halothane, an increase was also observed; however 
this increase was not continued into the period after 
operation, and peak serum inorganic fluoride concen- 
trations occurred at 10 h (approximate end of anes- 
thesia and surgery). Despite similar exposures to 
both anesthetics, there were differences in mean 
serum fluoride concentrations between the two 
groups at the 10-, 24-, and 48-h time interval. These 
differences were statistically significant (P = 0.035, 
P = 0.003, and P = 0.003, respectively). 

From a mean baseline value of 3.5 umol/L (which 
is within the average range quoted in recent work 
[4-6]), 40% of patients who received a lengthy anes- 
thetic with isoflurane had peak serum fluoride levels 
of more than 50 umol/L at 24 h after induction of 
anesthesia. The fluoride concentrations of the re- 
maining patients in the isoflurane group also peaked 
at 24 h, but none of these concentrations was above 
50 pmol/L (Figure 1). 

After operation, concentrations of serum urea, 
creatinine, and electrolytes in both groups of patients 
demonstrated no significant difference from baseline 
measurements (Table 4). Mean (sp) hourly urine 
output in the two groups was within normal limits 
throughout the study period: 66.4 (6.3) mL/h for 
halothane and 73.2 (7.8) mL/h for isoflurane. 

Twenty patients were initially included in the 
study. However, one patient with the highest peak 
fluoride concentration (82.3 mol/L) deviated from 
the experimental design by having a second exposure 
to isoflurane within 2 h of completion of the first 
surgical procedure and was excluded from the trial. 
This observation was made 24 h after induction of 
the first anesthetic. The total exposure time was 
23.6 MAC-hours. This patient’s biochemistry and 
urinary output remained within the normal range 
throughout the study period. 


ANESTH ANALG 
1992;74:236-40 
80 
70 7 
80 
a 
= 
oO 
E 50 
3 
uw 
Q 
T 40 
~ 
— 
iL 
= 30 à 
= 
[ES] 
@ 
20 ; 


O 5 10 15 20 25 30 35 40 45 50 


TIME (hours) 


Figure 1. Serum fluoride changes after prolonged anesthesia with 
isoflurane. 
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Figure 2. Serum fluoride changes after prolonged anesthesia with 
halothane. 


Discussion 


In 1966 Crandell and colleagues (7) reported renal 
failure in 13 of 41 patients receiving methoxyflurane 
anesthesia for abdominal surgery. The clinical picture 
consisted of a dose-related, polyuric, renal insuffi- 
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Table 4. Mean Serum Urea, Creatinine, and 
Electrolyte Concentrations 


Baseline 24h 48 h 
Isoflurane (n = 9) 
Sodium (mmol/L) 142 (0.3) 143 (0.4) 140 (0.20) 
Potassium (mmol/L) 4.5 (0.2) 4.6 (0.3) 4.0 (0.1) 
Chloride (mmol/L) 104 (1.1) 105 (1.4) 106 (1.3) 
Bicarbonate (mmol/L) 26.2 (0.6) 26.7 (0.4) 27.1 (0.3) 
Creatinine (mol/L) 119 (10.1) 125 (11.7) 124 (11.1) 
Urea (mmol/L) 6.4 (0.4) 7.8 (0.7) 5.4 (0.3) 
Halothane (n = 10) 
Sodium (mmol/L) 141 (1.2) 138 (0.7) 142 (0.5) 
Potassium (mmol/L) 4.3 (0.1) 4.6 (0.3) 4.0 (0.2) 
Chloride (mmol/L) 103 (1.4) 106 (1.5) 108 (1.6) 
Bicarbonate (mmol/L) 26.3 (0.4) 25.8 (0.6) 25 (0.6) 
Creatinine (umol/L) 121 (9.5) 128 (8.7) 127 (7.6) 
Urea (mmol/L) 5.9 (0.5) 6.8 (0.8) 5.8 (0.6) 


Values are mean + sD. 


ciency. The fluoride ion was subsequently identified 
as the nephrotoxic agent (8). 

Serum inorganic fluoride concentrations of 50 mol/L 
or more result in minor defects in urine concentrating 
ability, with more obvious changes occurring when 
inorganic fluoride concentrations are in the range of 
100 mol/L. Permanent renal damage is likely to 
occur only when inorganic fluoride concentrations 
exceed 150 pmol/L (1). 

The extent of anesthetic metabolism indicates bio- 
chemical reactivity, which has implications for toxic 
side effects. The main pathway of isoflurane metab- 
olism is believed to begin when an active oxygen 
atom is inserted into the ethyl alpha C-H bond. The 
resulting unstable compound is hydrolyzed to diflu- 
oromethanol and trifluoroacetic acid. Both com- 
pounds, particularly the latter, are a major source of 
organic fluoride (9,10). Halothane is not significantly 
defluorinated under normal clinical conditions; how- 
ever, in the presence of hypoxia, it is metabolized 
through a reductive pathway, resulting in the pro- 
duction of fluoride ions. The principal organic metab- 
olite of halothane is also trifluoroacetic acid. 

Previous studies in humans have demonstrated 
that, after exposure to 3.1 MAC-hours of isoflurane 
during surgical procedures lasting 2.0-7.5 h, serum 
fluoride concentrations increased to mean peak val- 
ues of about 4.4 mol/L (11). Slightly higher peak 
concentrations were reported in morbidly obese pa- 
tients exposed to 2.5 MAC-hours of isoflurane (12). In 
a series of intensive care patients who received sub- 
anesthetic concentrations of isoflurane as sedation for 
up to 24 h, plasma inorganic fluoride increased from 
a mean concentration of 4.03 to 13.57 umol/L 12 h 
after the sedation was stopped (6). None of these 
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studies demonstrated peak serum inorganic fluoride 
concentrations above 50: umol/L. . 

Our investigation shows that after prolonged an- 
esthesia, biotransformation of isoflurane to inorganic 
fluoride may result in concentrations above those that 
cause subclinical nephrotoxicity. 

An increased metabolism of halothane to inorganic 
fluoride also occurs after a similar anesthetic expo- 
sure (Figure 2). However, the greatest peak fluoride 
concentration in the halothane group was 20.2 pmol/L, 
which is well below the stated nephrotoxic range. 
Again, in contrast to the isoflurane group, peak fluoride 
concentrations were maximal at 10 h; i,e, at the average 
end of anesthesia and surgery. This is significantly 
different from the isoflurane series where fluoride lev- 
els continued to increase linearly and peak at the 24-h 
interval, 14 h after surgery and anesthesia ended. This 
supports previous work that plasma concentrations of 
fluoride continue to rise after cessation of isoflurane 
anesthesia (10). It is worth noting that even though the 
concentrations of inorganic fluoride in this series were 
greater than so far reported, by 48 h they were return- 
ing toward preoperative levels. This contrasts with 
methoxyflurane anesthesia where peak concentrations 
remained elevated for 3-4 days after exposure (1,8). 

Varying concentrations of inorganic fluoride are 
found after isoflurane administration, but these 
amounts are reported as being on the order of 5 pmol/L 
(13). The diversity of inorganic fluoride concentrations 
in this series may partially reflect biologic variation. 
None of our patients was taking medication known to 
increase microsomal enzyme activity. Other factors that 
influence microsomal enzyme activity include age, gen- 
der, obesity, and hypoxia (14). Solubility and dose of 
the inhaled anesthetic are also important variables to 
consider. 

After prolonged exposure to isoflurane, anesthetic 
uptake and equilibrium in muscle, skin, and adipose 
tissue become important. Fat depots, having a large 
lipoid content with special affinity for anesthetics, may 
serve as a reservoir to provide continued delivery of 
drug to the liver for metabolism. This may also explain 
the peak increases in serum inorganic fluoride in our 
patients 24 h after the beginning of-anesthesia. 

In vivo defluorination of isoflurane has been 
shown to occur in hepatic microsomes. The extent of 
defluorination was increased by pretreatment with 
phenobarbitone (15). In vitro defluorination of isoflu- 
rane, enflurané, and methoxyflurane has been re- 
ported by Greenstein and colleagues (16). Linde and 
Berman (17) have shown that rats given hexobarbital 
evidenced a shortened sleeping time 24 h after a 7-h 
exposure to 0.3% isoflurane. This finding is also 
common to halothane, enflurane, and ether but not 
to cyclopropane or nitrous oxide. It suggests that 
isoflurane and other potent metabolized anesthetics 
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themselves may induce liver enzymes. The increased 
metabolic capacity of liver microsomes after ether or 
halothane anesthesia adds support to this suggestion 
(17). 

Recent reports have indicated that isoflurane can 
inhibit the oxidative metabolism of halothane (18). 
Wood and Wood (19) have demonstrated that 
halothane can significantly prolong the elimination 
half-life of aminopyrine for up to 24 h after anesthe- 
sia. A change in aminopyrine metabolism implies 
that the elimination and metabolism of other drugs 
could also be affected. 

Isoflurane also increased the elimination half-life 
of aminopyrine at 2 h postoperatively but to a lesser 
degree than halothane. Thus prolonged anesthesia 
using isoflurane may result in an increase in hepatic 
cytochrome P450, resulting in serum fluoride levels 
significantly higher than have been so far reported. 

It was not determined whether subclinical renal 
impairment occurred in either group. No significant 
change from baseline values was observed in serum 
urea, creatinine, and electrolyte concentrations post- 
operatively. Hourly urine volumes in the two groups 
were similar. The vasopressin resistance test of uri- 
nary concentrating ability (20) was not performed. It 
is possible, therefore, that subclinical nephrotoxicity 
may have existed in the group that received isoflu- 
rane. 

The results of this study demonstrate that serum 
fluoride ion concentrations after prolonged halothane 
or isoflurane anesthesia increase to peak values in a 
linear, dose-related manner. However, after ex- 
tended isoflurane administration of up to 20 MAC- 
hours, metabolism to inorganic fluoride may, on 
occasion, be of a sufficient magnitude to cause con- 
cern regarding subclinical renal dysfunction. 
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Clinical Comparison of Sevoflurane and Isoflurane in 


Healthy Patients 
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We compared biood pressure and heart rate changes 
in healthy patients during anesthesia with sevoflu- 
rane (n = 50) versus isoflurane (n = 25) and the rate 
of recovery after such anesthesia. After premedica~ 
tion with intravenous administration of midazolam, 
induction of anesthesia with thiopental, and intuba- 
tion of the trachea facilitated with succinylcholine or 
vecuronium, anesthesia was maintained with ap- 
proximately 1 MAC (sevoflurane, 2.05%; isoflurane, 
1.15%) of the volatile anesthetic in oxygen for the 
duration of the operation. Anesthetic concentration 
was varied as indicated to maintain arterial blood 
pressure at +20% of baseline values. Sevoflurane and 


(fluoromethyl 2,2,2-trifluoro-1-[trifluoro methyl] 

ethyl ether) possesses a blood-gas partition 
coefficient of 0.6, which is lower than that of other 
currently used inhaled anesthetics (1). Previous ani- 
mal (2-4) and early human (5) investigations indicate 
that sevoflurane provides a smooth anesthetic induc- 
tion, rapid emergence from anesthesia, and no or- 
ganotoxicity (2-4). Owing to the low blood-gas solu- 
bility, sevoflurane would be expected to provide 
more rapid emergence from anesthesia than currently 


I | The new volatile inhaled anesthetic sevoflurane 


` used inhaled anesthetics would provide; however, 


this has not been adequately evaluated. In addition, 
the hemodynamic effects (arterial blood pressure and 
heart rate) of sevoflurane in surgical patients, com- 
pared with other inhaled anesthetics, have not been 
determined. In this study, we compared hemody- 
namic effects and emergence time in healthy surgical 
patients receiving either sevoflurane or isoflurane 
anesthesia. 
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isoflurane produced similar systolic and diastolic ar- 
terial blood pressures, but heart rate after incision 
was faster in patients given isoflurane. Recovery of 
response to command was shorter in patients given , 
sevoflurane than that in patients given isoflurane (7.5 
+ 0.5 min versus 18.6 + 2.0 min). Consistent with 
this finding, venous blood drawn after anesthesia 
showed a more rapid initial decay with sevoflurane. 
Nausea and vomiting were comparable in both 
groups. We conclude that sevoflurane anesthesia, as 
compared with isoflurane, is associated with possible 
advantageous effects on heart rate and recovery 
(Anesth Analg 1992;74:241-5) 


Methods 


After approval had been obtained from the Institu- 
tional Review Board Human Subjects Committee of 
the University of Arizona Health Sciences Center, 75 
ASA I and II patients scheduled for eléctive surgical 
procedures were randomized in a 2 to 1 ratio to 
receive sevoflurane (50 patients) or isoflurane (25 
patients). Written informed consent was obtained 
from all participants. 

Patients with a medical history or physical evi- 
dence of significant hepatic or renal disease, chronic 
alcohol or drug abuse, significant cardiovascular dis- 
ease, metastatic malignancy, or neuropsychiatric dis- 
order were excluded from the study. A complete 
medical history, physical examination, electrocardio- 
gram, and clinical laboratory studies were performed 
preoperatively and repeated 24 h after the anesthetic 
was given. . 

Heart rate, arterial blood pressure, and tempera- 
ture were recorded before anesthesia: An intrave- 
nous infusion of 5% dextrose in lactated Ringer's 
solution was started. All patients received 0.01- 
0.03 mg/kg of midazolam administered intravenously 
30 min before anesthetic induction. Preoperative ar- 
terial blood pressure (Datascope Accutorr 1A), heart 
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rate, and electrocardiogram (Datascope Model 2000A) 
were recorded, and repeated measurements were 
recorded every 1 min for the first 15 min of anesthesia 
and then every 5 min until emergence from anesthe- 
sia. After 5 min of breathing 100% oxygen, anesthesia 
was induced by an intravenous injection of 3-5 mg/kg 
of thiopental and either 1-2 mg/kg of succinylcholine 
or 0.1 mg/kg of vecuronium for paralysis. Subsequent 
paralysis was provided by incremental doses of vecu- 
ronium, guided by peripheral nerve stimulation. 
Ventilation was controlled via a mask with either 
sevoflurane or isoflurane for 1-2 min before tracheal 
intubation using 2-2.5 MAC anesthetic concentra- 
tions. After endotracheal intubation, sevoflurane or 
isoflurane was continued in 100% oxygen using a 
6 L/min oxygen flow rate; and the lungs were venti- 
lated using a tidal volume of 10-12 mL/kg with 
ventilation adjusted to maintain end-tidal CO, con- 
centrations between 30 and 35 mm Hg. Anesthetic 
gases were délivered with. an Ohio Medical Anes- 
thetic Machine (model 50) using a circle system 
containing Sodasorb COQ, absorber (W.R: Grace and 
Co., Lexington, Mass.). End-tidal anesthetic gas con- 
centrations were determined for both agents with a 
Datex multiple gas analysis monitor (model 222) 
modified to measure sevoflurane. This was calibrated 
using prepared gas standard concentrations of 1%, 
2%, and 4% of the anesthetics. The vaporizers used 
were an Ohmeda Sevotec 3 for sevoflurane and 
Fortec Vaporizer for isoflurane delivery. 

Initial anesthetic concentrations were 2-2.5 MAC 
for each anesthetic (1 MAC sevoflurane, 2.05%; 
1 MAC isoflurane, 1.15%) after endotracheal intuba- 
tion and were subsequently adjusted to maintain 
arterial blood pressure within +20% of baseline. 
Oxygen flow rate was reduced from 6 L/min to 
2 L/min 5 min after anesthetic induction. Sevoflurane 
or isoflurane concentrations were adjusted by the 
anesthesiologist throughout the surgical procedure to 
maintain minimal fluctuations of arterial blood pres- 
sure (+20%) in response to surgical stimulation. The 
administration of sevoflurane or isoflurane was con- 
tinued at surgical anesthetic concentrations until the 
time of surgical wound closure. Paralysis was re- 
versed using intravenous neostigmine with glyco- 
pyrrolate and monitored with train-of-four ratios. 
End-tidal anesthetic gas concentrations were then 
recorded, and maintenance anesthetic administration 
was discontinued. Oxygen flow rate was then in- 
creased to 6 L/min and controlled ventilation was 
continued for 1 min with spontaneous ventilation 
subsequently allowed to return. The endotracheal 
tube remained in place with the patient breathing 
spontaneously. The response time to the command 
“open your eyes” was recorded by a research nurse 
assistant who was not blinded to the anesthetic used. 
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Table 1. Patient Characteristics 

Sevoflurane Isoflurane 

n 49 25 
Age (yr) 41.9 +19 41.5 + 2.5 
Height (cm) 165.2 + 1.4 164.0 + 2.2 
Weight (kg) 70.9 + 1.8 66.2 + 2.4 
Body mass index 26.0 + 0.8 24.5 + 0.9 


Values are mean + sem. No significant differences exist between 
sevoflurane and isoflurane groups in any category. 


After eye opening to command, the trachea was 
extubated, and the patient was transferred to the 
postanesthetic care unit (PACU). No narcotics or 
benzodiazepines were administered before eye open- 
ing on command. Narcotics were administered after 
tracheal extubation when the patient exhibited or 
vocalized discomfort. The incidence of nausea and 
vomiting was monitored by a research nurse during 
the PACU time period. The incidence of complaints 
of nausea and vomiting was recorded on the ward by 
the nursing staff. 

Blood samples (1 mL each) were obtained from 
patients through a heparin-flushed venous arm cath- 
eter for analysis of sevoflurane or isoflurane anes- 
thetic concentration in the blood every 30 min during 
anesthesia, at anesthesia end, and then at 15, 30, 45, 
60, 90, 120, 180, 480, and 1440 min after anesthesia. 
The anesthetic concentration in the blood was ana- 
lyzed by n-heptane extraction and by subsequent gas 
chromatography (6). | | 

Hemodynamic data were analyzed using repeated- 
measures analysis of variance with Student's t-test 
where appropriate. Patient demographics were com- 
pared using Student's t-test. y7-Analysis was used to 
compare incidence of postoperative nausea between 
groups. Anesthetic concentrations in the blood were 
compared between groups using Student's t-test. 


Results 


Of the 75 patients enrolled in the study, 74 were in- 
cluded for analysis. Results from one patient anesthe- 
tized with sevoflurane were excluded owing to a neu- 
rologic disorder unrecognized before anesthesia and 
surgery. (This patient had an emergence time of 39 min 
after administration of sevoflurane anesthesia.) 

The two patient groups did not differ in age, 
height, or weight (Table 1). The types of surgery for 
each anesthetic group and average ASA classification 
are also listed in Table 1. | 

The systolic and diastolic arterial blood pressures 
increased compared with baseline values 1 min after 
tracheal intubation in the both sevoflurane and iso- 
flurane groups. At 5 min after tracheal intubation, 
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Figure 1. Systemic systolic and diastolic arterial blood pressure 
changes during sevoflurane and isoflurane surgical anesthesia. 
“Differs from baseline blood pressure values for both sevoflurane 
and isoflurane groups, P < 0.05. “Differs from baseline blood 
pressure value in isoflurane group only, P < 0.05. tDiffers from 


baseline blood pressure value in sevoflurane group only, P < 0.05. 
Data shown as mean + sem. Intub, intubation; Inc, incision. 


systolic and diastolic arterial blood pressures were 
higher than baseline values in only the isoflurane 
group (Figure 1). Compared with baseline values, 
sevoflurane anesthesia decreased systolic and dias- 
tolic arterial blood pressures 3-5 min before surgical 
incision, whereas in the isoflurane group, systolic 
and diastolic arterial blood pressures did not differ 
from baseline values at this time. Arterial blood 
pressures did not differ from baseline values after 
incision or during maintenance anesthesia with sevo- 
flurane and isoflurane but increased in both groups 
during emergence from anesthesia. Baseline systolic 
arterial blood pressure values for the sevoflurane 
group were greater than those for the isoflurane 
group, hindering direct comparison; however, base- 
line diastolic blood pressure values did not differ and 
a comparison of values at all time points analyzed did 
not show a difference between sevoflurane and isof- 
lurane groups. 

Heart rate was significantly more rapid in the 
isoflurane group when compared with the sevoflu- 
rane group at three analyzed time points (3-5 min 
before incision, 1-3 min after incision, and 1 h after 
surgical incision) (Figure 2). Heart rate was more 
rapid at 5 min before anesthetic end and during 
emergence from anesthesia than at baseline in the 
isoflurane-anesthetized group only. Heart rate de- 
creased after anesthesia emergence in both groups in 
the PACU after narcotic administration. Baseline 
heart rate values did not differ between sevoflurane 
and isoflurane groups. 

Emergence from anesthesia determined by eye 


FRINK ET AL. 243 
CLINICAL EVALUATION OF SEVOFLURANE 


@ isoflurane 
O Sevotlurare 


100 


Sule 


80 


Beats per Mir 





60 





Baseline ; 5 3-5 1-3 16 $0 5 

Post Prior Post Post Prior to 

intuh. inc. ine, Ine.  Anvesihetic Emerg. 
Eng 


Emergence 30 
Posi 


Time fron) 


Figure 2. Heart rate changes during sevoflurane and isoflurane 
surgical anesthesia. *Differs significantly from isoflurane values. 
P < 0.05. Data shown as mean + sem. Intub, intubation; Inc, 
incision; Emerg, emergence. 


Table 2. Anesthetic Duration and Postanesthetic Data 

etter Se ae ee ee A 
Sevoflurane Isoflurane 

eae ts i i AA 


MAC hours (h) 2541.1 2 1D 

Emergence time (min) fee | 18.6 22.0 

Narcotic administration time (min) 11.8 + 0.74 22.4 + 2.2 

Incidence of nausea in PACU 5/49 (10%) 3/25 (12%) 
(% of patients) 

Incidence of emesis in PACU (% of 0/49 (0%) 0/25 (0%) 
patients) 

Incidence of nausea after PACU 17/49 (34%) 11/25 (44%) 
(first 24 h) (% of patients) 

Incidence of emesis after PACU 1/49 (2%) 2/25 (8%) 


(first 24 h) (% of patients) 
tie rennin nen 
Emergence time = time to eye opening on command after anesthetic 
discontinuation; narcotic administration time = time at which any narcotics 
were administered after anesthetic discontinuation; nausea or emesis after 
PACU = percent of patients having nausea or emesis within the first 24 h 
after discharge from the PACU. 
“Significantly differs from isoflurane group, P < 0.001. 


opening to command was faster with sevoflurane 
than with isoflurane (P < 0.001). The mean emer- 
gence time for the sevoflurane group was 7.5 + 
0.5 min and for the isoflurane group, 18.6 + 2.0 min. 
The duration of anesthetic exposure to sevoflurane in 
MAC hours did not differ between anesthetic groups 
(Table 2). The mean end-tidal anesthetic concentra- 
tion for the sevoflurane group at the end of anesthe- 
sia was 2.1% + 0.06% and for the isoflurane group, 
1.3% + 0.07%. The MAC values at the end of anes- 
thesia for sevoflurane (1.04 + 0.21) compared with 
isoflurane (1.13 + 0.41) did not significantly differ. 
The time to recovery from anesthesia (minutes) did 
not correlate with MAC hours of sevoflurane anes- 
thesia. A positive correlation did exist for the rela- 
tionship between anesthetic dose (MAC hours) and 


emergence time after isoflurane anesthesia (r = 0.57, 
P < 0.01) (Figure 3). The decrease of anesthetic 
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Figure 3. Correlation between individual anesthetic emergence 
times and duration of anesthetic exposure (MAC hours). A positive 
correlation is present for isoflurane r = 0.57 (y = 5.56x + 3.67) but 
not sevoflurane r = 0.10 (y = 0.31% + 6.69). 
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Figure 4. Sevoflurane and isoflurane anesthetic concentrations in 
the venous blood during and after anesthesia. Data shown as mean 
+ sem. Sevoflurane, n = 30. Isoflurane, n = 24. "Differs signifi- 
cantly from isoflurane value, P < 0.05. Inset: shows the same 
anesthetic concentrations in semilogarithmic plot. 


Anesthesia 


concentration in venous blood was faster with sevo- 
flurane than with isoflurane. Fifteen minutes after 
anesthetic discontinuation, the sevoflurane concen- 
tration in the blood was significantly lower than that 
of isoflurane (Figure 4). Intravenous narcotic admin- 
istration after anesthetic discontinuation was re- 
quired sooner with sevoflurane than with isoflurane 
(11.8 + 0.7 vs 22.4 + 2.2 min). 

The incidence of postoperative nausea and vomiting 
occurring in the PACU or in the ward within the first 
24 h after anesthesia did not differ between sevoflu- 
rane- and isoflurane-anesthetized groups (Table 2). 


Discussion 


Cardiovascular variables were well maintained with 
sevoflurane. Systemic systolic and diastolic arterial 
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blood pressures were not significantly different from 
those occurring in the isoflurane-anesthetized group. 
Sevoflurane in animal studies has been shown to either 
reduce (7,8) systemic vascular resistance or maintain it 
(9) depending on the animal species evaluated. 
Changes in cardiac output are generally comparable to 
those produced with isoflurane (7,8). During relatively 
stable surgical anesthesia conditions obtained 1 h after 
the surgical incision, values of systolic and diastolic 
arterial blood pressure in both groups were not dif- 
ferent from baseline values. However, conclusions re- 
garding equianesthetic concentration effects of the an- 
esthetics cannot be made as each drug was titrated 
against the arterial blood pressure. 

Heart rate before and after surgical incision with 
sevoflurane was lower than that with isoflurane, per- 
haps because of the more rapid equilibration of sevof- 
lurane as anesthetic concentrations were increased in 
response to hemodynamic changes after tracheal intu- 
bation. More rapid equilibration appeared to allow 
more rapid adjustment of anesthetic depth after a 
change in delivered anesthetic concentration. In addi- 
tion, sevoflurane may not produce the tachycardia 
sometimes noted with isoflurane. Studies in animals 
(7,9) and humans (5) have shown that sevoflurane does 
not produce tachycardia; however, one study in dogs 
found that heart rate increases were larger with sevof- 
lurane than with isoflurane (8). During isoflurane an- 
esthesia, tachycardia may also be better controlled with 
the concomitant use of narcotic anesthetics (10) not 
used during anesthesia in our study. 

The incidence of postoperative nausea did not 
differ between the sevoflurane and isoflurane groups, 
with an incidence of 10% and 12%, respectively, 
occurring in the PACU immediately after anesthesia 
(Table 2). All patients complaining of nausea received 
droperidol (1.25 mg IV). No patient in either group 
had emesis occur in the postanesthetic care unit. The 
incidence of nausea and emesis after the patient’s 
transfer to the ward within the first 24 h also did not 
differ between anesthetic groups. All patients in our 
study received parenteral narcotics during recovery 
and on the ward, with many of them receiving 
patient-controlled analgesia that may have influenced 
the incidence of nausea in both anesthetic groups. 
Sevoflurane’s lack of an increased propensity to pro- 
duce nausea combined with its ability to provide a 
rapid emergence may make it an attractive outpatient 
inhaled anesthetic. 

One patient was eliminated from the study owing 
to a history of Huntington’s chorea, the severity of 
which was not disclosed preoperatively. This patient 
required 39 min to emerge from sevoflurane anesthe- 
sia. This duration of emergence was 20 min longer 
than any other patient in the sevoflurane group. It is 
possible that the prolonged emergence was due to 


a 
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the use of a barbiturate previously reported to pro- 
duce prolonged emergence in patients with this dis- 
ease (11). 

The blood-gas solubility coefficient of sevoflurane 
(0.6) is lower than that of either isoflurane or other 
currently used volatile inhaled anesthetics. This 
property of sevoflurane should allow a more rapid 
induction of anesthesia and emergence in compari- 
son with that of other volatile anesthetics. Anesthetic 
inhalation induction time was not evaluated in this 
study. However, other investigations have confirmed 
that anesthetic induction with sevoflurane is both 
smoother and more rapid than with other currently 
used inhaled anesthetics (5,12). Emergence after 


sevoflurane anesthesia occurs more rapidly than with ` 


other currently used inhaled anesthetics in animal 
studies (9,13). Most investigations in humans have 
reported a rapid emergence with sevoflurane, al- 
though one investigation found emergence from 
sevoflurane anesthesia to be no more rapid than 
emergence from enflurane anesthesia (12). Saito et al. 
hypothesized that the more comparable brain-blood 
partition coefficients of these two anesthetics may 
have been responsible for their results. We found a 
more rapid emergence occurred after sevoflurane 
anesthesia (7.5 min) compared with isoflurane anes- 
thesia (18.6 min). Additionally, there was positive 
duration and emergence time with isoflurane as 
shown in Figure 3. This correlation did not exist after 
sevoflurane anesthesia, suggesting that anesthetic 
duration did not affect the more rapid emergence 
occurring with this anesthetic. 

The more rapid emergence with sevoflurane was 
also supported by the more rapid decrease in anes- 
thetic concentration in the blood that occurred pri- 
marily during the very early period after anesthetic 
discontinuation. Fifteen minutes after anesthesia, 
sevoflurane concentrations in the blood were approx- 
imately two-thirds those of isoflurane. This early 
rapid decrease is consistent with the low blood-gas 
solubility coefficient of sevoflurane. A decrease in 
anesthetic concentrations in the blood at later time 
points may show less difference between sevoflurane 
and isoflurane owing to similar transfer between 
other tissue compartments. 

Of particular importance was our methodology for 
anesthetic delivery before discontinuation of anesthe- 
sia. At the termination of the operation and anesthe- 
sia, the anesthetic concentration is commonly re- 
duced to provide more rapid emergence. However, 
to provide a consistent anesthetic depth from which 
to measure anesthetic emergence, we chose to con- 
tinue an anesthesia level required for hemodynamics 
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control during operation until the final skin suture 


- was placed, at which time the anesthetic was discon- 


tinued and emergence began. In addition, the use of 
nitrous oxide in combination with the volatile inhaled 
anesthetics may reduce the difference in emergence 
times between the anesthetic agents. Therefore, our 
results for emergence time of the two anesthetics 
studied can certainly be improved by techniques used 
in routine clinical practice. 

In summary, we found sevoflurane to provide lower 
heart rate values before and after surgical incision 
during anesthetic maintenance compared with isoflu- 
rane. A much more rapid emergence was provided 
after anesthetic discontinuation of sevoflurane com- 
pared with isoflurane. These properties of sevoflurane 
would appear to afford this anesthetic potential advan- 
tage over other currently used inhaled anesthetics. 
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Propofol has a high incidence of pain with injection, 
particularly into small veins. We sought to determine 
whether concomitant administration of lidocaine 
could prevent this pain. In a randomized double- 
blind trial, 368 women were allocated to one of four 
groups to receive 19 mL of propofol mixed with either 
1 mL of 0.9% saline, 1 mL of 0.5% (5 mg) lidocaine, 
1 mL of 1% (10 mg) lidocaine, or 1 mL of 2% (20 mg) 
lidocaine. The pain of injection was scored as none, 
mild, moderate, or severe. There was a significant 
reduction in the overall incidence of pain from 73% 


(1) ranges from 25% to 100% if a vein on the 

dorsum of the hand is used (2-10) and less 
(3%-36%) if injected into larger proximal veins, e.g., 
at the antecubital fossa (4,7,11). The sensation pro- 
duced is usually described as tingling, cold, or numb- 
ing or, at its worst, a severe burning pain proximal to 
the site of injection. This sensation tends to occur 
within 10-20 s of injection and lasts only for the 
duration of the injection. Despite this discomfort, the 
incidence of venous sequelae, such as phlebitis, is 
less than 1% (2,12). 

A single dose of 1 mL of 1% lidocaine mixed with 
19 mL of propofol (a dose arbitrarily chosen by 
Brooker et al. [3] in a pilot study) reduced pain on 
injection in several small studies (7,8,13-15). The aim 
of our study was to determine the dose-response 
relationship for the addition of lidocaine to propofol 
in reducing the pain of injection. 


To incidence of pain from injection of propofol 
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` with saline to 32% with 20 mg of lidocaine. A highly 


significant negative dose-response relationship be- 
tween the dose of lidocaine and the severity of pain 
was demonstrable, both at induction of anesthesia 
and as recalled in the recovery room (P < 0.001 for 
both). Lidocaine (20 mg IV) will significantly reduce 
the incidence and severity of pain with propofol 
injection, but about 6% of patients will still suffer 
unpleasant pain if the dorsum of the hand is used. 
(Anesth Analg 1992;74:246-9) 


Methods 


The study was approved by the Canterbury Area 
Health Board Ethical Committee. Four hundred fit, 
healthy women (ASA physical status I or I) undergo- 
ing minor gynecologic operations were studied after 
they gave informed, written consent. Thirty-two pa- 
tients were subsequently excluded because of incom- 
plete data, leaving 368 patients for analysis (Table 1). 
All were unpremedicated and had a luered 20-gauge 
Jelco cannula inserted into a vein on the dorsum of the 
hand. The cannula was flushed with normal saline. No 
other injectate was used before the induction of anes- 
thesia with propofol. Patients were randomized in a 
double-blind manner to receive 1 mL of either 0.9% 
saline, 0.5% (5 mg) lidocaine, 1% (10 mg) lidocaine, or 
2% (20 mg) lidocaine mixed with 19 mL of propofol 
(10 mg/mL). Approximately 2 mg/kg of propofol was 
injected at a rate of 0.5-1 mL/s for induction of anesthe- 
sia. 
Midway through the injection of propofol and 
before they became drowsy, the patients were asked 
“Is your arm comfortable?” If the reply was “No,” 
then the patients were asked to grade the pain as 
mild, moderate, or severe. After recovering from 
anesthesia, patients were asked by one of three 
recovery room nurses whether they had any recall of 
the injection, whether it was painful, and if so, again 
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Table 1. Demographic Data for 368 Patients Studied _ 


Lidocaine 
Saline 5 mg 10 mg 20 mg 
No. of patients 98 90 90 89 
Age (yr) 31+10 -ILEI 33+10 JLE 
Body weight (kg) 6l+11 638+11 66+12 &+11 


Values are mean + sD. 
There were no significant differences between treatment groups. 


Table 2. Incidence of Pain Reported at the Time of 
Induction of Anesthesia 


Lidocdine 


Saline 5 mg 10 mg 20 mg 
Induction pain (n= 98) (n= 51) (n = 90) (n = 89) 
None 26 (27) 45 (49) 61 (67) 61 (68) 
Mild 21 (21) 25 (28) 14 (16) 18 (20) 
Moderate 19 (19) 13 (14) 7 (8) 5 (6) 
Severe 32 (33) 8 (9) 8 (9) 5 (6) 


Numbers in parenthesés are percents. 
Linear test for trend x? = 40.9, P < 0.0001; Gamma correlation — 0.45, 
P < 0.001. 


to grade it as mild, moderate, or severe. All patients 
were quéstioned in an identical manner. 

Previous studies reported an incidence of pain of 
40% and 15% for placebo and lidocaine, respectively. 
One hundred patients were planned for each treat- 
ment to detect such a differerice with power of 95%, 
with a, = 0.05. The data were analyzed on a DEC 
microVax computer using a biomedical statistical 
package (16). The statistical significance of differences 
between groups was tested by the x test. A proba- 
bility level of less than 5% was accepted as signifi- 
cant. A linear trend with dose was tested using a 2 x 
4 contingency table with pain grouped as none/mild 
or moderate/severe. The index of cotrelation between 
the fotir doses of lidocaine and the amount of pain 
was estimated using the Goodman-Kruskal gamma 
coefficient (17). 


Results 


Thé groups were similar in age and body weight 
(Table 1). Lidocaine significantly reduced the inci- 
dence and severity of pain during induction of anes- 
thesia as reported both at the time and as recalled in 
the recovery period (x? = 64.8 and 58.5, respectively; 
df = 3, P < 0.0001 for both). The frequencies reported 
in the four groups are shown in Tables 2 and 3. 
Injection of propofol without lidocaine caused pain 
in 73% of the patients, with 32% comiplaining of severe 
pain. Almost 50% of the pain reductiori occurred with 
the use of 5 mg of lidocaine, particularly in the severe 
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Table 3. Incidence of Pain as Recalled in the 
Recovery Period 


Lidocaine 

Saline 5 mg 10 mg 20 mg 
Recall of pain (n = 97) (n = 91) (n = 88) (n = 88) 
None 29 (30) 52 (57) 59 (67) 68 (77) 
Mild 14 (14) 11 (12) 9 (10) 8 (9) 
Moderate 27 (28) 18 (20) 10 (11.5) 8 (9) 
Severe 23 (24) 5 (5.5) 7 (8) 2 (2.5) 
No recall 4 (4) 5 (5.5) 3 (3.5) 2 (2.5) 

Numbers in parentheses are 


percents 
Linear test for trend x* = 39.4, P < 0.0001; Gamma correlation — 0.48, 
P < 0.001. 


category. However, the incidence of pain was further 
reduced with larger doses of lidocaine, the addition of 
20 mg of lidocaine reducing the incidence of pain to a 
minimum of 31% with only 5.6% complaining of severe 
pain. A highly significant negative dose-response rela- 
tionship was found between the amount of lidocaine 
and the incidence of pain reported both during induc- 
tion of anesthesia and as recalled in recovery (linear test 
for trend, x* = 40.9 and 39.4, respectively, P < 0.0001 
for both; gamma correlation = —0.45 at induction and 
—0.48 on recall, P < 0.001 for both). 


Discussion 


The quality of an anesthetic as judged by the patient 
is clearly influenced by any recall of discomfort or 
pain at the time of anesthetic induction. Interestingly, 
Hynynen et al. (5) concluded that the high incidence 
of severe pain experienced by their patients with 
injection of propofol made it a drug unlikely to gain 
popularity for routine clinical use. 

The cause of the pain on injection of propofol is 
unknown but may be due to the activation of pain 
mediators such as kininogens (7). Many measures 
have been tested empirically to reduce the pain. 
Slowing the speed of injection increases discomfort 
(7), and premedication with benzodiazepines, opi- 
ates, or phenothiazines is not clearly of benefit (18- 
20). The prior intravenous administration of aspirin 
may reduce the pain with propofol (21). 

Although injection into a larger proximal vein 
causes less pain than a more distal injection, implying 
that dilution should help, the benefits of preinjection 
dilution of propofol or injection into a fast-running 
infusion are controversial (5-7,22). Refrigerating 
propofol to 4°C also reduces pain without reducing its 
efficacy as an anesthetic (9). 

Pretreatment with intravenous lidocaine decreased 
pain on injection with methohexitone (12,23) but not 
with propofol (3,4). A venous tourniquet (with 1 mL 
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of 1% lidocaine injected distally) not released until 


the injection of propofol 2 min later was of no benefit 
(7), whereas 20 and 40 mg of lidocaine with the 
venous occlusion released at 20 s did decrease pain 
(10). 

A recent French study (11), of similar design to this 
one, used veins in the anticubital fossa and noted a 
reduction in pain from 36% to 15% with the addition 
of 0.1 mg/kg of lidocaine, but there was no additional 
benefit from 0.2 or 0.4 mg/kg of lidocaine. In our 
study, there was also a significant reduction in the 
incidence of pain with all doses of lidocaine com- 
pared with saline. In addition, a strong negative 
dose-response relationship was demonstrated over 
the range 0-20 mg. This difference in dose-dependent 
effect between the two studies is most likely due to 
the site of injection, large proximal veins versus 
smaller distal vessels. 

Even with 20 mg of lidocaine, 6% of the patients 
complained of unpleasant pain. There may be a 
subgroup of patients who, despite all measures, will 
still experience severe pain. Anecdotally, it seems to 
be patients with Raynaud-type symptoms. This may 
be a group worth studying, particularly in trying to 
elucidate the etiology of venous pain. The anesthetist 
should be prepared to use another anesthetic known 
to have a lower incidence of pain on injection, e.g., 
thiopental, under these circumstances or avoid veins 
on the dorsum of the hand. 

The addition of lidocaine to the propofol in the 
same syringe is a simple, safe technique (8). It should 
be mixed with propofol within 30 min of use to 
ensure a stable emulsion. Otherwise, lidocaine 
moves into the lipid phase, progressively decreasing 
the free effective concentration of propofol. 

The best way of measuring pain in the clinical 
setting is by verbal response or its derivative, the 
visual analogue scale (VAS) (24,25). The VAS appears 
to be more sensitive to smaller changes in effect over 
time than are categorical measures (24). A four-point 
verbal categorical scoring system was chosen in this 
study rather than a VAS for four reasons. First, it is 
simple to apply and readily understood by patients. 
Second, all the previous studies reporting pain on 
injection of propofol have used either all-or-none or 
categorical scoring systems, thus allowing easier 
comparison with the literature. Third, there is little 
evidence that a VAS would enhance the numerical 
interpretation of a single subjective report of transient 
pain. Finally, we were concerned that the appropriate 
hand-eye coordination required for a VAS might not 
be present in all patients during the rapidly changing 
state of consciousness of anesthesia induction, result- 
ing in a significant loss of data. 

There was satisfactory internal consistency in pain 
scoring despite the use of a four-point categorical 
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scale. Although there was a slight tendency for 
patients to underreport pain when asked to recall the 
induction, there remained a strong correlation be- 
tween pain scores as reported on the two occasions 
Q = 460.1; P < 0. 0001). Therefore, a comfortable 
induction of anesthesia is important as most patients 
will have a clear recollection of these events. Interest- 
ingly, 4% of the patients had no recall of the injection 
despite not receiving any prior medication. Most of 
these patients did not experience pain. Propofol is 
not thought to have retrograde amnesic properties, 
and it is unlikely to be due to lidocaine as lack of recall 
occurred with similar frequencies in all four groups. 

This study confirms the efficacy of lidocaine in 
reducing the incidence and severity of pain on injec- 
tion of propofol. A dose-response relationship was 
demonstrated over the range 0-20 mg of lidocaine, 
supporting the use of 20 mg of lidocaine added to a 
20-mL ampule of propofol immediately before injec- 
tion to minimize discomfort. 
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Tourniquet at 50 mm Hg Followed by Intravenous 
Lidocaine Diminishes Hand Pain Associated With 


Propofol Injection 


Devanand Mangar, MD, and Elena J. Holak, MD 
Department of Anesthesiology, University of South Florida College of Medicine, Tampa, Florida 


We evaluated the efficacy of intravenous lidocaine, 
with and without a tourniquet, to decrease the inten- 
sity of pain during intravenous propofol injection in 
82 patients undergoing general anesthesia. Patients 
in group A (n = 20) received propofol (2 mg/kg IV); 
patients in group B (n = 22) received 2% lidocaine 
(100 mg IV) followed 1 min later by propofol 
(2 mg/kg). Patients in group C (n = 21, saline placebo) 
and D (n = 19, 2% lidocaine) had an arm tourniquet 
inflated to 50 mm Hg applied for 1 min after gravity 
drainage of venous blood. The intensity of pain along 


ropofol is given intravenously for the induction 
and maintenance of anesthesia. It possesses 
many characteristics of an ideal anesthetic and 
produces hypnosis rapidly with minimal excitation 
during one arm-to-brain circulation (1-3). One of the 
most notable side effects of propofol is pain during an 
intravenous injection.’ Lidocaine pretreatment has 
been proposed to decrease. injection-related ' pain, but 
its effectiveness is unclear (4-15). 
We evaluated the efficacy of lidocaine, with and 
without a tourniquet applied to the arm, in decreas- 
ing the intensity of pain during propofol injection. 


Methods 


Eighty-two adult patients (ASA physical status I or II) 
undergoing elective surgery under general anesthesia 
were randomly assigned by computer to one of four 
groups. The study was approved by the Institutional 
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the forearm was marked on a 0-100-mm visual ana- 
logue scale. Pain intensity was less in group B (21 + 
19 mm) than in group A (75 + 28 mm; P < 0.05). Pain 
intensity.was significantly less in group D (1 + 2 mm) 
compared with group B (21 + 19 mm; P < 0.001). We 
conclude that intravenous lidocaine before propofol 
injection attenuates the painful response; whereas, 
lidocaine administered after a tourniquet inflated to 
50'mm Hg for 1 min virtually aboljshes the pain 
associated with intravenous propofol. 

(Anesth Analg 1992;74:250-2) 


Human Research Committee, and informed consent 
was obtained from each patient. 

Patients in group A (n = 20) received propofol 
(2 mg/kg IV); those in group B (n = 22) were given 2% 
lidocaine (5 mL) IV followed 1 minute later by propo- 
fol (2 mg/kg). Patients in group C (n = 21) and D (n = 
19) had an arm tourniquet inflated to 50 mm Hg 
applied after 30 s of gravity drainage of venous blood, 
followed by the administration of a saline placebo 
(5 mL) (group C) or 2% lidocaine (5 mL) (group D). 
The tourniquet was released 1 min later, followed by 
intravenous injection of 2 mg/kg of propofol. 

Premedication was omitted. No patient experi- 
enced any symptoms from 100 mg of lidocaine. 
Crystalloids were administered at a rate of 125 mL/h. 
An 18-gauge angiocatheter was inserted in a hand 
vein without subcutaneous lidocaine infiltration. All 
medications were delivered through the injection 
port nearest the catheter. Patients rated the intensity 
of pain along the forearm during propofol adminis- 
tration by marking a line on a 0-100-mm visual 
analogue scale (VAS). Estimated time for completion 
of the VAS was approximately 5 s and an estimated 
35 s before the advent of hypnosis. Data were sùm- 
marized as mean + ‘standard deviation. A statistical 
comparison of VAS scores was made with an analysis 
of variance, X, and Newman-Keuls test (16). Non- 
parametric data were statistically evaluated with 
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Table 1. Incidence of Pain Among the Four 
Patient Groups 


Patient group n VAS (mm) VAS >0 (%) 
A 20 75 + 28 90 (18/20) 
B 22 21 + 19 91 (20/22) 
C 21 43 + 26 86 (18/21) 
D 19 1r 37 GNI | 


VAS, visual analogue scale. 

* P < 0.01 (group D compared with groups A, B, and C} for incidence of 
pain. 

b P < 0.0001 (group D compared with groups A and B) for intensity of 
pain. 


Kruskal-Wallis tests. A probability value of less than 
or equal to 0.05 was considered significant. 


Results 


There were 35 women and 47 men studied. There 
were 32 patients with infusion sites in the right hand 
and 50 patients with infusion sites in the left hand. 
The total average age of patients in all groups was 
37 + 12 yr. No significant differences in sex, age, or 
ASA classification existed among the groups. The 
incidence of pain (VAS > 0) was 90% (18/20) in group 
A, 91% (20/22) in group B, 86% (18/21) in group C, 
and 37% (7/19) in group D (Table 1). x? Analysis, 
which compared group A (no lidocaine), group B 
(lidocaine without a tourniquet), and group C (place- 
bo) with group D (lidocaine with a tourniquet), for 
more burning was statistically significant (P < 0.01) 
with respect to the incidence of pain. Group A 
patients had a VAS of 75 + 28 mm; group Ba VAS of 
21 + 19 mm; group C a VAS of 43 + 36 mm, and 
group D a VAS of 1 + 2 mm. Pain intensity was 
significantly less in patients who received lidocaine 
before propofol (group B; 21 + 19 mm) than in the 
control group (group A; 73 + 28 mm, P < 0.05). Pain 
intensity was significantly less in patients receiving 
lidocaine with a tourniquet (group D; 1 + 2 mm) 
compared with those receiving lidocaine without a 
tourniquet (group B; 21 + 19 mm), and those receiv- 
ing only propofol (group A; 75 + 28 mm) (P < 
0.0001). The tourniquet with placebo (group C; 43 + 
36 mm) did not decrease the pain significantly, al- 
though the pain level was less than group A where 
no placebo or tourniquet was used (P < 0.05). 


Discussion 


Recommendations for the elimination of pain caused 
by propofol on injection include rapid rate of injec- 
tion (4), using larger veins (4,5), pretreatment with 
narcotics (5-7), diluting the propofol emulsion (8,9), 
cooling it before the injection (10), and pretreatment 
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and mixing with lidocaine (4,7,11). Propofol (2:6 
di-isopropyl phenol), formulated in a white, oil-in- 
water emulsion, caused pain by local irritation when 
given intravenously in the dorsum of the hand. 

The manufacturer advises that transient local pain 
may occur during intravenous injection, which may 
be reduced by prior injection of intravenous lidocaine 
(1 mL of 1% solution). The effectiveness of intrave- 
nous lidocaine premedication is unclear (4-15). Stud- 
ies have addressed this issue, and their results do not 
agree. Johnson et al. (11) and Morton (12) found that 
pretreatment with lidocaine was effective in decreas- 
ing but not eliminating the pain on injection. Con- 
versely, McCulloch and Lees (13) and Brooker et al. 
(7) in similar studies did not find lidocaine pretreat- 
ment effective in decreasing the incidence of transient 
local pain associated with intravenous propofol injec- 
tion. Ewart and Whitwam (14) studied the frequency 
of pain after propofol injection with 20 mg of 
lidocaine and concluded that lidocaine is effective in 
the reduction of pain when immediately given before 
propofol. They found less pain if propofol is given 
within 10 s after the lidocaine. The results of these 
studies are confusing, as lidocaine dosages were not 
standardized and methods of pain assessment were 
not discussed. 

In our investigation, we used a tourniquet inflated 
to 50 mm Hg of pressure above systolic, followed by 
100 mg (5 mL) of lidocaine. After waiting for 1 min, 
anesthesia was induced and the pain was abolished 
in all group D patients (n = 19) with a VAS of 1 + 
2 mm. Both the manufacturer and Porteous (15) 
recommended holding a finger over the vein for 
15-60 s after 1 mL (20 mg) of lidocaine was adminis- 
tered. We have found this to be unpredictable and 
unreliable in alleviating the pain. 

When the patient enters the operating room, a 
rubber tourniquet is placed on the same arm as the 
intravenous line, and 100 mg (5 mL) of lidocaine is 
given. The anesthesiologist then can proceed to place 
the standard monitors. At the end of 1 min, the 
tourniquet is removed, and induction of anesthesia is 
started with minimal burning. These patients can be 
compared with group D patients with a VAS of 1 + 
2 mm. In comparison, patients in groups A, B, and C 
experienced significant burning, albeit less in group B. 
(VAS 21 + 19 mm). The free flow of lidocaine (group 
B) provided some but not enough analgesia to pre- 
dictably prevent burning. Consequently, with a tour- 
niquet inflated and the lidocaine held in the vein for 
1 min, thereby anesthetizing the vein, a modified Bier 
block is performed. ) 

We conclude that intravenous lidocaine adminis- 
tration before propofol injection attenuates the painful 
response; whereas, lidocaine administered after a tour- 
niquet is inflated to 50 mm Hg virtually abolishes the 
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transient local pain associated with propofol injection. 
Larger doses of lidocaine are very effective as noted by 
Morton (12). This simple, readily available technique 
eliminated the unpleasant side effect of pain, allowed 
for a more tolerable induction of anesthesia, and in- 
creased patients’ acceptance of propofol. 
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Comparison of Induction, Maintenance, and Recovery 
Characteristics of Sevoflurane-N,O and Propofol- 
Sevoflurane-N,O With Propofol-Isoflurane-N,O Anesthesia 


Jan Smith, FFARCS, Yifeng Ding, MD, and Paul F. White, PhD, MD 
Department of Anesthesiology, Washington University School of Medicine, St. Louis, Missouri 


Induction of, maintenance of, and recovery from 
sevoflurane anesthesia were compared with propofol 
and isoflurane anesthesia when administered with 
nitrous oxide to patients undergoing gynecologic 
surgery. Seventy-five healthy (ASA I or I), consent- 
ing patients were randomly assigned to receive either 
(I) propofol for induction of anesthesia and isoflu- 
rane-nitrous oxide for maintenance (control), (ID 

ropofol for induction and sevoflurane-nitrous oxide 
or maintenance, or (II) sevoflurane-nitrous oxide for 
induction and maintenance of anesthesia. Inhaled 
induction of anesthesia with sevoflurane-nitrous ox- 
ide was rapid (109 + 25 s to loss of consciousness) 
and without any untoward hemodynamic changes or 
episodes of coughing and laryngospasm. Mean arte- 
rial blood pressure after induction of anesthesia with 
propofol (71 + 11, 73 + 12 mm Hg for groups I and I, 
respectively) was lower than when sevoflurane (80 + 


blood-gas partition coefficient of 0.69 (1). This 

low solubility should contribute to a more rapid 
induction of, and emergence from, anesthesia than is 
possible with existing volatile anesthetics. Of those in 
current clinical use in North America, isoflurane has 
the lowest blood-gas solubility at 1.46 (2). 

The objective of this study was to compare the 
induction, maintenance, and recovery profiles after 
general anesthesia with sevoflurane and nitrous ox- 
ide alone or after propofol, to a standard anesthetic 
technique consisting of propofol, isoflurane, and ni- 
trous oxide in patients undergoing major gynecologic 
procedures. Fluoride levels were measured during 


C evoflurane, a methyl-isopropyl ether, has a low 
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14 mm Hg) was used. The emergence time after 
discontinuation of isoflurane-nitrous oxide (6.7 + 
2.2 min) was significantly longer than after propofol- 
sevoflurane-nitrous oxide or sevoflurane-nitrous ox- 
ide alone (4.1 + 2.2 and 4.0 + 2.0 min for groups H 
and IN, respectively). However, later recovery events 
did not differ between groups. Serum fluoride levels 
increased after administration of sevoflurane but not 
isoflurane. The levels of fluoride ions correlated with 
the degree of exposure to sevoflurane in MAC-hours. 
In conclusion, induction of anesthesia with either 
propofol or sevoflurane-nitrous oxide was rapid and 
without significant side effects. Emergence and early 
recovery after maintenance of anesthesia with sevo- 
flurane-nitrous oxide was significantly faster than 
that after an isoflurane-nitrous oxide combination. 
(Anesth Analg 1992;74:253-9) 


the perioperative period to assess sevoflurane’s po- 
tential for renal toxicity. 


Methods 


Seventy-five, ASA physical status I or H women, 
aged 21-69 yr, scheduled for elective gynecologic 
procedures (e.g., hysterectomy) were studied accord- 
ing to a protocol approved by the Washington Uni- 
versity Human Studies Committee. After obtaining 
written informed consent, patients were randomly 
assigned to one of three anesthetic treatment groups 
using an open (nonblinded) study design. Patients 
with a history of hypersensitivity to halogenated 
anesthetics, or taking drugs and/or medications 
known to influence anesthetic or analgesic require- 
ments, were excluded. Patients who had received a 
general anesthetic within the 7-day period before the 
study were also excluded. Finally, all patients of 
childbearing potential, as well as those with clinically 
significant cardiovascular, pulmonary, renal, or he- 
patic disease, were excluded. 


Anesth Analg 1992;74:253-9 253 


254 SMITH ET AL. 


COMPARATIVE EFFECTS OF SEVOFLURANE, PROPOFOL, AND ISOFLURANE 


No preanesthetic medications were administered. 
After placement of an intravenous cannula, 10 mL of 
blood was withdrawn into a plastic container for 
measurement of baseline (preoperative) serum levels 
of fluoride ions using an ion-selective electrode 
(Smith-Kline Laboratories, Van Nuys, Calif.). The 
lower limit of detection was 5 zmol/L, with an assay 
variability of +10%. All patients breathed 100% oxy- 
gen for 2-3 min before induction of anesthesia. After 
administering fentanyl (1.5 ug/kg IV), lidocaine 
(50 mg IV), and d-tubocurarine (2-3 mg IV), anesthe- 
sia was induced with either propofol or sevoflurane 
with nitrous oxide. 

In groups I and Il, anesthesia was induced with 
propofol (2.0 mg/kg IV) administered over 10-15 s. In 
group II, anesthesia was induced by inhalation of 
sevoflurane with nitrous oxide, 60% in oxygen, with 
a total gas flow of 5 L/min. Sevoflurane was delivered 
using a Sevotec II vaporizer (Ohmeda, Madison, 
Wis.) at an inspired concentration of 5% with nitrous 
oxide, 60% in oxygen, from the outset of anesthetic 
induction. The end-tidal concentration of sevoflurane 
was continuously monitored by Laser-Raman spec- 
troscopy (RASCAL, Ohmeda). The calibration of this 
gas analyzer was checked before each surgical proce- 
dure using gases analyzed to +0.01% accuracy (Scott 
Medical Products, Plumsteadville, Pa.). The end-tidal 
concentration of sevoflurane at the time the patients 
failed to respond to verbal commands and the time 
from the start of sevoflurane administration to uncon- 
sciousness (i.e., failure to respond to eyelash stimu- 
lation) were recorded. The occurrence of pain from 
injection of intravenous medication, excitatory phe- 
nomena (e.g., moving, myoclonus), respiratory prob- 
lems (e.g., coughing, breathholding, apnea, laryn- 
gospasm, bronchospasm), and other adverse effects 
were recorded. In all three groups, intubation of the 
trachea was facilitated with succinylcholine 
(1.5 mg/kg IV), which was administered after loss of 
consciousness. 

In group I, anesthesia was maintained with isoflu- 
rane and nitrous oxide, 60% in oxygen, and in groups 
Il and II with sevoflurane in nitrous oxide, 60% in 
oxygen. The inspired concentration of the volatile 
anesthetic was adjusted as necessary to maintain the 
mean arterial blood pressure and heart rate within 
15% of the preincision values. Additional doses of 
fentanyl (1.5 ug/kg IV) were administered to control 
acute hemodynamic responses that did not respond 
within 5 min to an increase in the inspired concen- 
tration of the volatile anesthetic. 

During the maintenance period, vecuronium 
(0.01-0.03 mg/kg) was administered as necessary for 
muscle relaxation, which was monitored using a 
peripheral nerve stimulator. Ventilation was con- 
trolled to maintain normocarbia as measured by cap- 
nography. Anesthesia was maintained with a total 
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gas flow of approximately 3.0 L/min, using a semi- 
closed circle system with carbon dioxide absorption 
by Baralyme (Allied Healthcare, St. Louis, Mo.). 
Body temperature was maintained at 36-37°C, using 
a forced air warming blanket (Bair Hugger, August- 
ine Medical, Eden Prarie, Minn.). Noninvasive blood 
pressure measurements, heart rate, hemoglobin oxy- 
gen saturation, esophageal temperature, and end- 
tidal CO, were recorded every minute from induction 
of anesthesia until 5 min after skin incision, and 
subsequently at 5-min intervals, using an integrated 
Cardiocap If monitor (Datex Medical Instrumenta- 
tion, Tewksbury, Mass.). During the last 20-30 min of 
the procedure, the end-tidal concentration of the 
inhaled anesthetic was adjusted to 0.8-1.0 MAC 
concentrations. Morphine (0.05 mg/kg IV) was ad- 
ministered to all patients at this time to provide 
postoperative analgesia upon emergence from anes- 
thesia. At the end of the procedure, residual neuro- 
muscular blockade was reversed with neostigmine 
(40-80 ug/kg IV) and glycopyrrolate (8-16 ug/kg IV). 
Administration of the volatile anesthetic and nitrous 
oxide was discontinued simultaneously after reversal 
of neuromuscular blockade. The time of discontinu- 
ation of the anesthetic agent and the end-expired 
concentration at that time were recorded. Controlled 
ventilation with 8 L/min of oxygen was continued 
until the end-tidal nitrous oxide concentration was 
less than 10%. 

The times at which the patients opened their eyes 
and responded to verbal commands were recorded. 
These emergence times were assessed at 15-s inter- 
vals after elimination of the anesthetic gases. Their 
tracheas were extubated when the patients were 
adequately recovered from the effects of neuromus- 
cular blockade, had a regular breathing pattern, and 
were able to respond to the verbal command to 
squeeze the investigator's hand. The times at which 
the patients could state their name and date of birth 
were also recorded. Additional 1-2-mg intravenous 
bolus doses of morphine were administered in the 
early postoperative period if necessary to achieve 
adequate analgesia. Further blood samples to deter- 
mine serum fluoride ion concentrations were ob- 
tained approximately 30 min after induction of anes- 
thesia, immediately upon discontinuing the 
anesthetic, and at 1 h and 24 h after the end of 
anesthesia. 

Data are expressed as mean values + standard 
deviation (sp). Continuous variables were analyzed 
using analysis of variance (with Bonferroni multiple- 
comparison tests used to assess differences between 
the three groups). Changes in continuous variables 
over time were analyzed using paired t-tests. De- 
scriptive (categorical) variables were analyzed using 
;x’-tests. In all cases, P values <0.05 were considered 
to be statistically significant. 
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Table 1. Demographic Characteristics for the Three 


Anesthetic Treatment Groups* 
Group 
I II M 

Number of patients 25 25 25 
Age (yr) 46+12 44412 46211 
Weight (kg) 72 + 20 74+ 18 75 15 
Race (black/white) 7/18 8/17 7/18 
ASA physical status am 12/13 14/11 8/17 
Procedures 

Abdominal hysterectomy 19 17 17 

Vaginal hysterectomy 2 6 6 

Laparotomy 4 2 2 
Operating time (min) 134452 134458 1372459 
Anesthesia time (min) 153 +53 154+59 157 + 60 


Blood loss (mL) 450 +325 425 +300 400 + 300 


Group I, propofol-isoffurane-nitrous oxide; group II, propofoksevoflurane- 
nitrous oxide; p M, sevofturane-nitrous oxide. 
* Mean ie + sp (or numbers). 


Table 2. Intravenous Fluid, Anesthetic, and Adjuvant 
Medication Requirements in the Three Anesthetic — 
Treatment Groups* 


Group 
I H IH 
Intravenous 2775 + 1225 2825 + 1275 2675 + 1075 
fluids (mL) 
Propofol (mg) 152 + 38 147 + 27 NA 
Intraoperative 2.88 + 0.86 2.82 +0.72 2.96 + 0.60 
fentanyl (ug/kg) 
Succinylcholine (mg) 109 + 28 105 + 18 107 + 19 
Vecuronium (mg) 5.1: 2.0 5.5 +29 53225 
Intraoperative 2.84+2.1 2.94423 304+ 2.4 
morphine (mg) 
Recovery room 5.34 +46  452+4.1 5.56 + 3.8 
morphine (mg) 


Group I, propofolisofiurane-nitrous oxide; group I, 
nitrous oxide; C POR Il, sevoflurane-nitrous oxide. NA, not applicable. 
Mean + $D. 


Results 


The three groups were comparable with respect to 
age, weight, ASA physical status, race distribution, 
types and duration of surgical procedures, and blood 
loss (Table 1). In addition, patients received similar 
amounts of intravenous fluids, opioid analgesic, and 
muscle relaxants (Table 2). Analgesic requirements in 
the postanesthesia care unit (PACU) were also similar 
(Table 2). 

The time to loss of consciousness in the patients 
receiving propofol (groups I and I) ranged from 30 to 
85 s after the start of the injection. The time to loss of 
the eyelash reflex was significantly longer for inhaled 
induction of anesthesia with sevoflurane and nitrous 
oxide (109 + 25 s). The end-tidal sevoflurane concen- 
tration recorded at loss of consciousness was 2.0% + 
0.6% (mean + sp). Side effects and complications 
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Table 3. Induction of Anesthesia Characteristics for the 
Three Anesthetic Treatment Groups” 


Group 

I H m 
Induction time (s) <60 <60 109 + 25° 
End-tidal concentration at NA NA 2.04 + 0.62 

loss of consciousness (%) 

Pain on injection 4% (1) 8% (2) 0 
Cough 0 0 0 
Apnea 4% (1) 0 0 
Movement 4% (1) 0 0 
Movement at intubation 24% (6) 24% (6) 36% (9) 


Group I, propofol-isoflurane-nitrous oxide; group II, propofol-sevoffurane- 
nitrous oxide; Il, sevoflurane-nitrous oxide. NA, not applicable. 

* Mean values (+sp) or percentage (number) of occurrences. 

> Significantly different from control group (I), P < 0.05. 


during induction of anesthesia are summarized in 
Table 3. A total of three patients (12%) receiving 
propofol complained of pain at the intravenous injec- 
tion site. One patient in group I exhibited apnea and 
another demonstrated excitatory movements. In- 
haled induction of anesthesia with sevoflurane was 
not associated with clinical signs of respiratory irrita- 
tion, coughing, laryngospasm, or excessive oral se- 
cretions. As induction proceeded in group III, spon- 
taneous ventilation became progressively more 
shallow, and manual assistance of ventilation was 
required immediately after loss of consciousness. A 
minor degree of movement after tracheal intubation 
was relatively common in all three groups (24%, 24%, 
and 36% in groups I, II, and II, respectively). 
Changes in heart rate and mean arterial blood 
pressure (MAP) are shown in Figure 1. After induc- 
tion of anesthesia, heart rate and mean arterial pres- 
sure decreased in all three groups. The decrease in 
MAP was significantly greater in the two groups (I 
and It) whose anesthesia was induced with propofol. 
After induction of anesthesia, MAP was 71 = 11, 73 + 
12, and 80 + 14 (P = 0.03) in groups I, I, and M, 
respectively. Laryngoscopy and tracheal intubation 
produced a transient increase in both heart rate and 
MAP, which was similar in all three groups and 
returned to preintubation values within 2 min. After 
skin incision, maintenance of heart rate and MAP 
within 15% of the preincision values was easily 
achieved in all three treatment groups by varying the 
inspired concentration of the volatile anesthetic. Al- 
though mean heart rate values were similar in all 
three groups, episodes of bradycardia (<50 beats/ 
min) were more common in group Il (5, 11, and 6 
episodes in groups I, H, and I, respectively), two of 
which required treatment with anticholinergic medi- 
cation because of associated hypotension (MAP < 
65 mm Hg). In contrast, episodes of significant tachy- 
cardia (>110 beats/min) occurred equally in all three 
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Figure 1. Changes in heart rate (top) and mean arterial blood pressure (bottom) from before induction of anesthesia (Preop.), at induction 
(I), after induction (PI), at intubation (Int), at skin incision (Incn), at the specified times in minutes from skin incision, at the end of 
anesthesia (End), and upon response to commands (Awake) in the three anesthetic treatment groups. Mean values + sem. *P < 0.05, from 


control (group I). 


groups (4, 4, and 3 episodes in groups I, H, and IH, 
respectively). 

During the maintenance period, the mean (+sp) 
end-tidal isoflurane concentration was 0.69% + 0.17% 
(~1.2 MAC [3]) in group I and the average sevoflu- 
rane concentrations were 0.77% + 0.28% (~1.2 MAC 
[4]) and 0.86% + 0.35% (~1.3 MAC) in groups I and 
MI, respectively. MAC values were calculated by 
taking the published MAC value for a middle-aged 
population and decreasing this value by 1% for every 
1% of nitrous oxide used. Mean end-tidal nitrous 
oxide concentrations during the maintenance period 
were 62% + 4%, 63% + 3%, and 62% + 3% in groups 
I, H, and Ill, respectively. At the end of anesthesia, 
the corresponding concentrations were 0.48% + 0.13%, 
0.55% + 0.18%, and 0.64% + 0.19% (or 0.86, 0.83, 
and 0.97 MAC) in groups I, H, and IIL, respectively. 

Compared to the isoflurane group (I), the emer- 
gence times from cessation of the administration of 
the anesthetic agent to spontaneous eye opening, 
response to simple commands, extubation, and to 
correctly stating name and date of birth were signif- 
icantly shorter in the sevoflurane groups (Figure 2). 
The morphine requirements, in the PACU, were 5.3 


+ 4.6,4.5 + 4.1, and 5.6 + 3.8 mg in groups I, I, and 
IIL, respectively. The requirement for opioid analgesic 
medication in the PACU precluded an objective as- 
sessment of later recovery events and effects of the 
anesthetics on recovery of cognitive function and psy- 
chomotor performance. There was no significant dif- 
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Figure 2. Times from discontinuation of the maintenance anes- 
thetic agent until patients could open their eyes, follaw com- 
mands, had tracheas extubated, and were able to give their names 
and correct date of birth (DOB). Bars are for group I, propofol/ 
isoflurane (hatched), group IL propofol/sevoflurane (light shaded), 
and group HI, sevoflurane alone (solid). Mean values + sem. *P < 
0.05, from control (group J). 
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Figure 3. Levels of serum fluoride ions detected before induction 
of anesthesia (Preop.), 30 min after induction (Begin surgery), 
immediately after discontinuation of anesthesia (End surgery), 1h 
postoperatively (1 h}, and 24 h postoperatively (24 h). Bars are for 
group I, propofol/isoflurane (hatched), group II, propofol/ 
sevoflurane (light shaded), and group III, sevoflurane alone (solid). 
Mean values + sem. *P < 0.05, from control (group J). 


ference between the three groups with respect to the 
duration of stay in the PACU (114 + 44, 123 + 47, and 
118 + 37 min in groups I, II, and III, respectively). 
serum fluoride ion concentrations remained at or 
less than the limit of detection throughout the peri- 
operative period in those patients receiving isoflu- 
rane. However, after exposure to sevoflurane for a 
period of 27 + 7 min, fluoride levels were signifi- 
cantly higher than in those patients receiving isoflu- 
rane (Figure 3). The mean (+ sp) fluoride levels at the 
end of the operation were 23.2 + 7 and 26.4 + 
9 pmol/L in groups H and III, respectively. Serum 
fluoride values were similar 1 h after the end of 
anesthesia. Although still significantly higher than in 
the isoflurane group, fluoride levels 24 h postopera- 
tively were significantly lower than the earlier post- 
operative values. Linear regression analysis revealed 
a correlation (° = 0.45, P < 0.05) between the 
fluoride level detected at the end of the operation and 
the extent of exposure to sevoflurane as measured in 
MAC-hours (Figure 4). In contrast, there was no 
correlation between the fluoride level and the extent 
of exposure to isoflurane in the patients in group I 
(Figure 4). The highest fluoride level detected was 
51.4 pmol/L in a patient (group HI) having an opera- 
tion lasting 327 min. Routine postoperative labora- 
tory tests (e.g., electrolytes, blood urea nitrogen, 
creatinine, urine analysis) did not reveal evidence of 
fluoride-induced nephrotoxicity in any patient. 


Discussion 


Induction of anesthesia with sevoflurane was rapid 
and notable for the lack of respiratory irritation, 
despite the fact that high inspired concentrations 
(~5%) were administered from the outset. The speed 
of induction (109 + 25 s) may have been limited by 
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Figure 4. Correlation between serum fluoride ions measured im- 
mediately after the discontinuation of anesthesia and the anes- 
thetic exposure in MAC-hours for the two groups receiving sevo- 
flurane (groups H and Ul, crosses) and for the patients receiving 
isoflurane (group I, solid symbols). 


the anesthetic output of the vaporizer (maximum 
setting of 5%). All patients received a small dose of 
fentanyl before induction of anesthesia to minimize 
the hemodynamic response to tracheal intubation (5). 
It is possible that inhaled induction with sevoflurane 
might have been less well-tolerated had an opioid 
analgesic not been administered before induction of 
anesthesia. During inhaled induction with sevoflu- 
rane, respiratory depression tended to develop with 
increasing end-tidal sevoflurane concentrations. Car- 
diovascular depression after induction of anesthesia 
with sevoflurane was significantly less than that seen 
after an induction dose of propofol (2 mg/kg IV). 
Propofol was used to induce anesthesia in groups I 
and II because its short elimination half-life would be 
less likely to interfere with the assessment of emer- 
gence and early recovery times than other commonly 
used intravenous induction agents (e.g., thiopental). 
The expired concentration of sevoflurane recorded 
at the loss of the eyelash reflex was approximately 
2%. However, this value does not necessarily corre- 
spond to the true alveolar concentration because the 
sample was obtained from a face mask that contained 
dead space. Movement in response to tracheal intu- 
bation was relatively common in all three groups and 
the hemodynamic response to laryngoscopy and tra- 
cheal intubation was not significantly different be- 
tween patients receiving inhalation (sevoflurane) or 
intravenous (propofol) induction techniques. 
Although MAP remained closer to preinduction 
baseline (awake) values during induction of anesthe- 
sia in patients receiving sevoflurane, intraoperative 
hemodynamics appeared similar in all three treat- 
ment groups. Bradycardia occurred more frequently 
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in patients receiving sevoflurane after a propofol 
induction, whereas episodes of tachycardia occurred 
with equal frequency in all three groups. Although it 
has been suggested that sevoflurane produces a 
lower heart rate than does isoflurane, our data do not 
confirm this suggestion. However, the fact that two 
patients with bradycardias required treatment with 
an anticholinergic drug (because of the associated 
hypotension), and that hemodynamic values were 
used as the end points in anesthetic titration, might 
have obscured a difference between the two mainte- 
nance agents. 

The end-tidal concentration of sevoflurane re- 
quired to maintain a stable level of anesthesia, as 
indicated by clinical and hemodynamic signs, was 
similar to that for isoflurane (0.77 + 0.28 and 0.86 + 
0.35 versus 0.69 + 0.17 MAC, respectively). This is 
compatible with the previously reported sevoflurane 
MAC value of 1.71% (which is decreased to 0.66% 
with 63.5% nitrous oxide) in humans (4), only ap- 
proximately 10% higher than the corresponding val- 
ues for isoflurane (3). 

Despite equipotent end-tidal concentrations at the 
end of anesthesia (0.86, 0.83, and 0.97 MAC, in 
groups I, Il, and II, respectively) and similar intra- 
operative adjunctive medication (e.g., fentanyl, mor- 
phine, and muscle relaxants), patients in the sevo- 
flurane groups (I and M) had significantly shorter 
emergence times than those receiving isoflurane. 
Emergence was equally rapid in groups II and IL, 
suggesting that the use of propofol for induction of 
anesthesia had no effect on recovery after mainte- 
nance of anesthesia with sevoflurane. The adminis- 
tration of analgesic medication (morphine) at the end 
of the operation may have modified the emergence 
times in our patients; however, this effect would have 
beer similar in all three treatment groups. We were 
unable to demonstrate a difference between the 
groups with respect to the duration of their PACU 
stay. After lower abdominal operations, a number of 
other factors (e.g., treatment of postoperative pain, 
nausea, vomiting, and hypovolemia) can influence 
the duration of the PACU stay. 

The levels of inorganic fluoride ions increased 
rapidly after initiating administration of sevoflurane, 
as indicated by the high values detected within 
30 min after indyction of anesthesia. Fluoride levels 
measured after discontinuation of sevoflurane were 
comparable to those reported previously (6). These 
levels generally were less than the proposed thresh- 
old level associated with renal toxicity (7) and were 
similar to values reported after enflurane administra- 
tion (8). Perhaps the low tissue solubility of sevoflu- 
rane will limit its potential for nephrotoxicity, be- 
cause a larger proportion of the anesthetic would be 
excreted before undergoing metabolism (9). The lev- 
els of fluoride ions measured correlated with the 
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extent of the patient’s exposure to sevoflurane as 
measured in MAC-hours. It is interesting to note that 
the one value in excess of 50 uwmol/L was recorded in 
the patient having the longest operation (327 min). In 
contrast, serum fluoride levels remained very low in 
patients receiving isoflurane, and these values were 
not correlated with the duration of exposure. 

These data would suggest that careful evaluation 
of renal function is indicated when utilizing sevoflu- 
rane for prolonged surgical procedures (e.g., more 
than 3 h), or when high inspired concentrations of 
sevoflurane are used (e.g., when adjuvants such as 
opioids and nitrous oxide are not used). At low flow 
rates with a semiclosed system there is the potential 
for toxicity as a result of the products of the degra- 
dation of sevoflurane by soda lime (10). Although no 
clinical or laboratory signs of nephrotoxicity were 
seen in any of our study patients, our routine post- 
operative laboratory testing would not have detected 
subtle or transient changes in postoperative renal 
function. 

This study can be criticized in that the investiga- 
tors were not blinded as to the anesthetics because 
different techniques (intravenous versus inhalation) 
and vaporizers (Tec II versus Tec IV) were used. 
Although objective measures were used (e.g., auto- 
mated recording of hemodynamic values), the possi- 
bility of observer bias cannot be completely excluded. 
The study could be further criticized in that the 
inspired concentrations of the inhaled anesthetics 
could be altered in response to hemodynamic varia- 
bles and clinical signs of inadequate anesthesia (e.g., 
Jacrimation, diaphoresis). Finally, as a result of the 
dead space of the face mask, it is difficult to relate 
end-expired measurements of anesthetic vapors to 
alveolar values (and hence to the MAC) during the 
induction phase. 

Potential differences between the three treatment 
groups may have been partially masked by the use of 
other central-acting medications. In particular, the 


..use of fentanyl, morphine, and nitrous oxide may 


have affected the recovery times. As we believed that 
these adjuvants were necessary to optimize the anes- 
thetic conditions in this patient population, we stan- 
dardized their use in all three groups. For similar 
reasons, lidocaine was administered as prophylaxis 
against the pain associated with propofol administra- 
tion. As lidocaine can produce hemodynamic and 
central nervous system effects, an identical dose was 
administered to patients in all three treatment 
groups. 

Our study was designed to mimic the clinical 
situation closely by allowing the anesthesiologist to 
titrate the inhaled anesthetic to maintain an adequate 
depth of anesthesia appropriate “for the comfort of 
the patient and the conduct of surgery” (11). In fact, 
after the initial stimulus of skin incision, hemodynamic 
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variables, and hence inspired anesthetic concentra- 
tions, did not change significantly throughout the 
maintenance period in any of the treatment groups. We 
attempted to maintain a stable end-tidal concentration 
of the volatile agent (i.e., 0.8-1.0 MAC) for the last 
20-30 min of the operation, so that emergence times 
could be assessed from equivalent steady-state concen-, 
trations of the maintenance drugs. 

In conclusion, induction of anesthesia with sevo- 
flurane is rapid and without significant side effects. 
Although bradycardia requiring treatment occurred in 
two sevoflurane-treated patients induced with propo- 
fol, maintenance with sevoflurane-nitrous oxide was 
associated with hemodynamic stability comparable to 
isoflurane. The use of sevoflurane resulted in faster 
emergence from anesthesia than after isoflurane; how- 
ever, there were no differences in duration of PACU 
stay. The high serum fluoride levels associated with 
prolonged administration of sevoflurane suggest a po- 
tential for nephrotoxicity. 
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Slow Injection Does Not Prevent Midazolam-Induced 


Ventilatory Depression 
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To determine whether the risk of midazolam-induced 
ventilatory depression is related to the rate of mida- 
zolam administration, we compared the effect of 
rapid (over 15 s) and slow (over 5 min) administration 
of midazolam (0.1 mene IV) on the hypercarbic 
ventilatory response of 10 healthy volunteers. During 
the first 5 min after the start of midazolam injection, 
the slope of the ventilatory response to CO, was 
significantly lower when the subjects received mida- 
zolam a darth (P < 0.001). However, after completion 
of the infusion (between 5 and 20 min), depression of 
the CO, response curve slope was independent of the 


idazolam is commonly used to provide se- 

dation for patients receiving regional anes- 

thesia or monitored anesthesia care. When 
administered rapidly, however, midazolam may 
cause hypoventilation by virtue of its depressant 
effect on both the hypercarbic and hypoxic ventila- 
tory drive mechanisms (1,2). It may also cause central 
and obstructive apnea (3) as well as decreases in tidal 
volume (4). Respiratory depression may be less likely 
to occur when midazolam is administered slowly (5); 
if this were true, patient safety could be enhanced by 
slowing the rate of midazolam administration. We 
conducted the present randomized, double-blind 
study to determine if the acute effect of midazolam on 
the ventilatory response to CO, is dependent on the 
rate of midazolam administration. 


Methods 


Ten male volunteers, 28-37 yr of age, consented to 
participate in this Institutional Review Board ap- 
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rate of midazolam administration. Similarly, al- 
though minute ventilation and tidal volume mea- 
sured at an end-tidal CO, tension of approximately 
46 mm Hg decreased more quickly after rapid admin- 
istration of midazolam (P < 0.001), these variables 
did not differ significantly between the two rates of 
administration once the slow infusion was complete. 
These results suggest that slow administration of 
midazolam provides no independent protection from 
respiratory depression. 

(Anesth Analg 1992;74:260-4) 


proved study. All were nonsmokers and had not 
used benzodiazepines for at least 14 days. Subjects 
refrained from alcohol or caffeine-containing bever- 
ages for 24 h and took nothing by mouth for 8 h 
before each of two study days. Upon their arrival in 
the laboratory, we weighed each subject, started an 
intravenous infusion of Normosol at a rate of 
100 mL/h, and affixed arterial blood pressure and 
electrocardiographic monitors; we encouraged sub- 
jects to void before each ventilatory trial. 

The supine subjects listened to symphonic music 
through occlusive headphones as they breathed mix- 
tures of CO, and O, via a mask from the circuit 
shown in Figure 1; we kept the subjects’ necks 
slightly extended to maintain airway patency. By 
varying the speed of the circulator, we adjusted the 
flow through the CO, absorber to keep end-tidal CO, 
tension (Perco) constant (+1 mm Hg) despite 
changes in the subjects’ ventilatory patterns. At a 
flow of 100 L/min, resistance to gas flow in the circuit 
was 0.02 cm H,O-L7*min. 

On each study day, subjects received 0.1 mg/kg of 
midazolam by one of two modes of intravenous 
injection—fast (over 15 s) or slow (by syringe pump 
over 5 min)—according to a randomization table. To 
maintain the double-blind nature of the study, sub- 
jects received a 0.9% sodium chloride placebo by the 
alternate mode of administration; neither the investi- 
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Figure 1. Breathing circuit with variable CO, absorption. We 
adjusted the speed of the circulator manually, based on breath-by- 
breath end-tidal CO, measurements, to keep Perco, constant 
+1 mm Hg at either 46 or 58 mm Hg. 


Table 1. Definition of Awareness Scores 


4-Awake and alert 

3—Awake but drowsy 

2—Asleep but opens eyes to verbal command 

1—Asleep, unresponsive to verbal stimulation, lash reflex 
present 

0—Asleep, lash reflex absent 


gators nor the subjects were aware of the syringe 
contents. 

Before each trial, we maintained Petco, steady at 
approximately 46 or 58 mm Hg for alternate subjects 
(to eliminate any bias introduced by study sequence). 
After allowing 8 min for equilibration, we began the 
midazolam injection. For the next 20 min, we contin- 
uously recorded breath-by-breath values of minute 
ventilation, tidal volume, and PEtco,. At 1-min inter- 
vals, we verbally stimulated the subjects for approx- 
imately 5 s and noted the degree of responsiveness 
on a five-point scale (Table 1). After allowing subjects 
to recover for 4 h (with O, saturation monitoring), we 
retested each volunteer using the same mode of 
midazolam administration; by this time, blood con- 
centrations of midazolam were expected to have 
declined to approximately 5% of their peak values (6), 
with normalization of the electroencephalographic 
spectrum. This time, however, we maintained the 
PETCO, constant at 58 or 46 mm Hg, the value not 
studied in the earlier trial. Once again we recorded 
ventilatory variables for 20 min. 

Three or more days after the first study session, 
each subject returned to complete the crossover 
phase of the study. This time, midazolam was admin- 
istered either slowly (over 5 min) or rapidly (over 
15 s), whichever mode was not used in the first study 
session. Again, we followed minute ventilation for 
20 min at Petco, of 46 and 58 mm Hg. 

An Instrumentation Laboratories End-tidIL 200 
infrared CO, analyzer, calibrated with standard gas 
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mixtures, continuously measured Perco,. A dry spi- 
rometer (Electro/Med 780), calibrated with a 2-L cali- 
brating syringe, measured ventilatory gas volumes, 
which we converted to BTPS using standard formu- 
las. The CO, analyzer and spirometer were interfaced 
to a CBM 8032 computer by a multichannel analog- 
to-digital converter. 

For each rate of midazolam administration, we 
determined the time-course of the CO, response 
curve as follows. At 30-s intervals after the start of 
midazolam administration, we determined five- 
breath averages of minute ventilation and Perco, at 
both low (=46 mm Hg) and high (~58 mm Hg) CO, 
tensions. In all cases, respiratory rates remained 
above 10 breaths/min; therefore, no breaths were 
counted twice. At any given time, the slope of the 
two-point CO, response curve is given by the differ- 
ence in minute ventilation divided by the difference 
in the measured CO, tensions (~12 mm Hg). Minute 
ventilation at Petco, ~ 46 mm Hg (Ve46) served as an 
index of displacement of the CO, response curve, 
and tidal volume at Perco, ~ 46mm Hg (TV46) 
indicated changes in respiratory pattern. 

We used two-way analysis of variance and the 
protected least-significant difference test (7) to com- 
pare the effects of the two rates of midazolam admin- 
istration on the CO, response curve slope, Ve46, and 
TV46 during two time periods: 0-5 min (i.e., after the 
rapid injection was complete but before the slow 
infusion was complete) and 5-20 min (i.e., after both 
the rapid and slow infusions were complete). We 
used paired t-tests to compare each subject's mini- 
mum slope, Ve46, and TV46 after rapid injection with 
the corresponding minimum values after slow infu- 
sion. Kruskal-Wallis nonparametric analysis of vari- 
ance compared awareness scores between the two 
rates of injection. Data are presented as mean £ SE, 
with P < 0.05 indicating significance. 


Results 


None of our subjects reported unpleasant sensations 
during or after midazolam injection. No subject lost 
consciousness or became apneic, or developed air- 
way obstruction after midazolam. Arterial blood pres- 
sures remained within +15% of baseline values, and 
heart rates remained within the normal range (50-100 
beats/min). End-tidal CO, tensions were stable to 
within +1 mm Hg during each hypercarbic drive 
determination. As might be expected, awareness 
scores were lower during the first 5 min after the start 
of rapid injection, during which time slow injection 
was not yet complete (P < 0.001, Figure 2). 

Figure 3 displays the slope of the CO, ventilatory 
response curve as a function of time after the start 
of fast and slow administration of midazolam 
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Figure 2. Comparison of awareness scores between rapid and 
slow rates of injection. The time of fast injection is indicated by the 
arrow and the duration of the slow injection is indicated by the 
hatched line. *P < 0.05 between rates of injection at the indicated 
times. 
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Figure 3. Comparison of the slope of the ventilatory response to 
CO, (L-min™'-mm Hg~!) between fast and slow rates of injection. 
The time of fast injection is indicated by the arrow and the duration 
of the slow injection is shown by the hatched line. Values are means 
with representative standard errors. *P < 0.05 between rates of 
injection at the indicated times. 


(0.1 mg/kg). During the first 5 min, slopes were 
significantly lower when subjects received midazo- 
lam by fast injection (P < 0.001). However, after 
completion of the infusion (5-20 min), the slopes did 
not differ between fast and slow administration, 
although both were decreased compared to their 
premidazolam values (P < 0.001). Minimum slope 
after rapid administration (0.38 + 0.21 L-min™!-mm 
Hg +) did not differ significantly from that observed 
after slow administration (0.50 + 0.22 L-min™'-mm 
Hg”). 
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Figure 4. Comparison of minute ventilation (L/min) between fast 
and slow rates of injection. The time of fast injection is indicated by 
an arrow and the duration of slow injection is indicated by the 
hatched line. Values are means with representative standard errors 
shown. *P < 0.05 between treatments at the indicated times. 


The time-course of minute ventilation at PETCO, = 
46 mm Hg (Ve46) after injection of midazolam is 
displayed in Figure 4. Although this variable de- 
creased more quickly after rapid administration of 
midazolam (P < 0.001 between groups during the 
first 5 min), the maximum downward displacement 
of the CO, response curve, as reflected by Ve46, did 
not differ between the fast and slow modes of injec- 
tion. The mean minimum value for Ve46 after rapid 
administration (8.28 + 0.76 L/min) did not differ 
significantly from that after slow administration 
(10.13 + 1.57 L/min). . 

The effect of midazolam on VE46 was primarily the 
result of a decrease in tidal volume (Figure 5). During 
the first 5 min, tidal volumes were significantly lower 
when subjects received midazolam by fast injection 
than when they received it over 5 min (P < 0.001). 
Tidal volume did not differ between groups during 
the subsequent 15 min. Minimum tidal volume after 
rapid administration (0.44 + 0.04 L) did not differ 
significantly from that after slow administration (0.54 
+ 0.07 L). 


Discussion 


Midazolam is commonly used to provide sedation 
during regional anesthesia, monitored anesthesia 
care, endoscopic procedures, and outpatient oral 
surgery. Under these circumstances, respiratory de- 
pression may not be recognized, as patients who 
have received midazolam may not manifest auto- 
nomic signs of hypercarbia or hypoxemia such as 
hypertension, tachycardia, and restlessness (2). 
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Figure 5. Comparison of the tidal volume (in liters at Perco, = 
46 mm Hg) between fast and slow rates of injection. The time of 
fast injection is indicated by the arrow and the duration of the slow 
injection is shown by the hatched line. Values are means with 
representative standard errors shown. *P < 0.05 between treat- 
ments at the indicated times. 


Therefore, unless oxygenation is monitored continu- 
ously, the first sign of respiratory insufficiency may 
be cardiac arrest. Indeed, cases of cardiorespiratory 
arrest have been reported in both the scientific and 
lay literature (8-10). 

The manufacturer recommends that midazolam be 
not administered “by rapid or single bolus adminis- 
tration” (Package insert—midazolam. Hoffmann- 
LaRoche, Inc., Nutley, N.J.), on the unproven as- 
sumption that the lower peak blood levels associated 
with slower rates of drug administration are less 
likely to depress ventilatory drive. However, the 
present study shows that slow administration pro- 
vides no independent protection from respiratory 
depression. During the first 5 min (when the rapid 
injection was complete, but infusion was ongoing), 
decreases in slope, displacement, and tidal volume 
were significantly greater when subjects received 
midazolam by fast injection; however, this difference 
disappeared after the slow injection was complete. 
Once subjects had received the same total dose of 
midazolam by slow injection as they had by fast 
injection (i.e., after 5 min), there was no difference in 
its effect on ventilatory control. Furthermore, the rate 
of midazolam administration did not significantly 
affect subjects’ minimum CO, response slopes, or 
their minimum Veg or tidal volume at Perco, = 
46 mm Hg. 

Midazolam has several distinct effects on ventila- 
tory mechanics that contribute to alveolar hypoven- 
tilation. In agreement with previous findings (4), our 
data confirm the fact that midazolam’s primary effect 
is to decrease tidal volume, causing a significant 
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decrease in alveolar ventilation. At PErco, = 
46 mm Hg, our subjects’ tidal volumes decreased by 
50% after 0.1 mg/kg of midazolam, regardless of 
whether injection was made quickly (over 15 s) or 
slowly (over 5 min). This effect most likely results 
from a decrease in the central respiratory drive, as we 
positioned the subjects’ heads to keep their airways 
open. It is likely that the decrease in tidal volume 
would be even more pronounced in those clinical 
situations where airway patency is not continuously 
maintained, as benzodiazepines may increase upper 
airway resistance by relaxing the genioglossus and 
associated musculature (11). l 

Central respiratory pauses frequently develop in 
patients after midazolam, during which pauses they 
may became hypoxemic (3). None of our subjects 
exhibited such pauses during the study as they were 
stimulated to breathe by elevated CO, tensions. Fur- 
thermore, despite the fact that they were breathing 
room air in the recovery room, none of the subjects 
became hypoxemic by pulse oximetry between 
30 min and 4 h after midazolam was given. Interest- 
ingly, preliminary data suggest that slow administra- 
tion of midazolam may not reduce the risk of hypox- 
emia in patients breathing room air (12). 

The dual-isohypercapnic technique allows deter- 
mination of ventilatory drive at frequent intervals 
after drug administration; however, it relies on the 
assumption that the effects of the first dose of mida- 
zolam have dissipated before the start of the second 
trial. Although we waited 4 h between trials (6), and 
despite the fact that subjects were fully awake, there 
may have been some residual ventilatory depression 
at the time of the second trial on each study day. By 
alternating the sequence of high versus low CO, 
trials, We minimized the likelihood that trial sequence 
caused a systematic error in our data. It was neces- 
sary to perform the two determinations for each rate 
of midazolam administration on the same day be- 
cause of the day-to-day variability of ventilatory con- 
trol. However, for each subject, the CO, sequence 
was the same for both rapid and slow midazolam 
administration, allowing for valid paired compari- 
sons. 

In conclusion, the magnitude of the effect of 
0.1 mg/kg of midazolam on the slope and displace- 
ment of the ventilatory response to CO, did not 
depend on the rate of midazolam administration. 
Regardless of whether subjects received midazolam 
over 15 s or over 5 min, the degree of respiratory 
depression was the same; slow administration merely 
delayed the time when maximal depression occurred. 
Therefore, slow administration of midazolam, in and 
of itself, did not eliminate the risk of significant 
ventilatory depression. Rather, the present data sug- 
gest that midazolam should be administered in small, 
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incremental doses; the decision to administer addi- 
tional midazolam should be delayed for 2-3 min, 
until the respiratory depressant effects of previous 
doses have reached their peak. 
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A placebo-controlled, double-blind, crossover trial in 
11 healthy male volunteers compared clinical seda- 
tion and psychomotor function after intravenous in- 
jection of midazolam (0.05, 0.1, or 0.15 mg/kg), diaz- 
epam (0.15 or 0.3 mg/kg), sa Gay (saline). The 
dépth of sedation was estimated at 5-10-min intervals 
during the first hour after injection. A comprehensive 
battery of psychomotor tests was used to collect 
objective data of. psychomotor performance before 
drug injection and 1, 3, 5, and 7 h after injection. 
Midazolam (0.15 mg/kg) produced the highest scores 
of sedation and most impairment of psychomotor 

rmance. In most tests, the maximal psychomo- 
tor effects seen after 0.3 mg/kg of diazepam did not 


idazolam is a frequently used intravenous 

(IV) sedative with a short elimination half- 

life of approximately 2 h (1). However, dur- 
ing a 2-yr period, the Food and Drug Administration 
received 57 reports of severe cardiovascular or respi- 
ratory complications involving 30 deaths and four 
cases of hypoxic encephalopathy (FDA: personal 
communication, 1988). Although the potency of mi- 
dazolam is about two times that of diazepam (2), 
recent evidence indicates that this ratio is too low (3) 
and that much smaller doses of midazolam should be 
used. Therefore, our study investigated the clinical 
sedation and psychomotor performance of healthy 
male volunteers after IV administration of placebo 
and various doses of diazepam and midazolam. 
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reach those of 0.1 mg/kg of midazolam. Although the 
strongest psychomotor effects were induced by mi- 
dazolam, these effects disappeared sooner than those 
of diazepam. By 5 h after injection, 0.3 mg/kg of 
diazepam showed the highest scores of psychomotor 
impairment. The authors conclude that at least four 
times as much diazepam as midazolam is needed to 
produce equally severe psychomotor impairment. 
That the residual effects of midazolam terminate 
sooner than those of diazepam probably accounts for 
the occasional underestimation of the potency of 
midazolam in clinical practice. 

(Anesth Analg 1992;74:265-71) 


Methods 


This study was approved by The University of Chi- 
cago Clinical Investigation Committee, and written 
consent was obtained from each participant. Eleven 
healthy male volunteers (23.1 + 4.7 yr, 68.7 + 
10.2 kg, 174.0 + 7.2 cm; mean + sp) participated in 
the study. None were receiving medications, and 
none had a history of mental or neurologic illness. All 
were social drinkers who used alcohol moderately 
one to six times a month. Participants were instructed 
to abstain from any medication and drugs (including 
marijuana) during the entire trial and from alcohol for 
3 days before tests. Subjects fasted from midnight the 
night before testing until the time of testing; all 
received a light standard meal 5.5 h after drug injec- 
tion. , 

This double-blind, randomized, placebo-con- 
trolled, crossover trial studied the effects of different 
doses of intravenously administered midazolam or 
diazepam on psychomotor skills in six successive test 
sessions, allowing a 1-wk washout interval between 
treatments. Before entering the study, all subjects 
practiced using the test apparatus on several occa- 
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sions to minimize the possibility of learning the tasks 
during the study period. 

Each test morning the subjects received a slow IV 
injection of saline, one of three doses of midazolam 
(0.05, 0.1, or 0.15 mg/kg), or one of two doses of 
diazepam (0.15 or 0.3 mg/kg). Depth of sedation was 
estimated at 5, 10, 15, 20, 30, 40, and 50 min after 
injection. Psychomotor function was evaluated 1 h 
before injection (baseline), and the test battery was 
repeated 1, 3, 5, and 7 h after injection. The individ- 
ual tests were always repeated in the same order, and 
the completion of the test battery took 30 min. 

Inability to remember a painful stimulus (hereafter 
réferred to as “amnésia’”) was assessed similarly to 
Korttila and Linnoila (4): The subject’s abdomen was 
pinched 5 min after injection, and 2 h later, the 
subject was asked if he remembered being pinched at 
5 min. 

Magnitude of sedation was estimated according to 
the following scale: 1 = subject awake (resting with 
eyes open); 2 = subject asleep and easily aroused 
(opens eyes and responds after name is called twice 
in a normal. voice); 3 = subject asleep and difficult to 
arouse (responds only after name is called loudly or 
shaken by the shoulders); and 4 = subject asleep and 
unarousable (does not respond to a loud voice and 
shaking). 


The computer-assisted psychomotor tests we de- - 


veloped use a Macintosh computer and the following 
definitions (5). Auditory and visual reaction times were 
the mean times necessary for subjects to press the 
computer keyboard space bar in response to 10 suc- 
cessive visual stimuli and later to 10 auditory stimuli. 
To establish multiple reaction time, subjects were to 
press specific keys of the keyboard only after the 
occurrence of a particular visual stimuli (the appear- 
ance of specific letters on. specific sides of the com- 
puter screen), auditory stimuli (the presence or ab- 
sence of a.tone), or a combination of both visual and 
auditory stimuli. On each test occasion, a total of 40 
stimuli were presented. Divided-attention mistakes and 
correct responsés were measured by preseriting the 
subjects with increasingly higher numbers, delivered 
simultaneously at the rate of orne number every 
1-1.5 s in each of the four quadrants of the computer 
screen. When the number “9” appeared, subjects had 
to note the quadrant and press the corresponding 
letter on the computer keyboard. Coordination accuracy 
and mistakes were measured by tracking a randomly 
moving target on the computer screen for 120 s using 
a Macintosh “mouse.” “Accuracy” was the average 
distance (measured in pixels) between the center of 
the target and the location of the mouse. “Mistakes” 
referred to the number of times the distance between 
the mouse and target exceeded 1 cm. 
Psychomotor tests of other type were also included 
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TIME (min) 
Figure 1. Mean score of sedation after IV injection of midazolam 


(O, 0.05 mg/kg; O, 0.1 mg/kg; C, 0.15 mg/kg), diazepam (A, 
0.15 mg/kg; W, 0.3 mg/kg), and placebo (x, saline) in 11 volunteers. 


in the test battery. Body sway was measured with a 
strain-gauge platform (Kistler Instrumente AG, Win- 
terthur, Switzerland) connected to the computer. 
Subjects stood on the platform for 30 s with their eyes 
closed. The movement of the center point of gravity 
of their body was registered by the platform and 
graphed. The total graph lengths thus obtained, 
reflecting the amount of body sway, were measured. 
The amount of exophoria (deviation of the visual axis 
of one eye away from that of the other), expressed as 
the power of the prism (in diopters} used to prevent 
deviation, was measured with the Maddox wing 
device (6). Attention and coordination were evalu- 
ated by an action judgment tester (5). In this test, the 
subject uses a steering. wheel to keep two pointers 
properly positioned on a moving track. The digit- 
symbol substitution test measured changes in sensory 
processing petformance and the ability to concentrate 
(7). Subjects had to pair digits to symbols correctly for 
2 min. Finally, using 100-mm-long visual analogue 
scales, participants subjectively estimated impair- 
ment of their overall performance, mental acuity (as- 
sessed as mental slowness), physical coordination (as- 
sessed as clumsiness), and body stability (assessed as 
dizziness). Estimates could range from “none” to 
“extreme.” 

A P value <0.05 was considered statistically signif- 
icant. For each psychomotor test, a two-way analysis 
of variance (ANOVA) first determined significant 
differences between any of the treatments (interac- 
tion of time and treatment). Then, at each test time, 
one-way ANOVA (for repeated measures) was ap- 
plied to detect differences between the six treatments. 
If results were significant, the Fisher’s protected least 
significant difference test was used as a post hoc test 


- 
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Figure 2. Auditory reaction time, multiple reaction time, correct 


scores obtained 
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responses in divided attention test, and coordination accuracy. Mean 
before and after IV injection of midazolam (©, 0.05 mg/kg; O, 0.1 mg/kg; O, 0.15 mg/kg), diazepam (A, 0.15 mg/kg; E, 


0.3 mg/kg), and placebo (x, saline) in 11 healthy volunteers. *P < 0.05, **P < 0.01, ***P < 0.001 vs placebo; Fisher's protected least 


significant difference test. 


to assess whether differences between individual 
pairs of treatments were significant. Amnesia and 
sedation were compared with Fisher's exact probabil- 
ity test. 


Results 


All subjects given 0.3 mg/kg of diazepam or 
0.1-0.15 mg/kg of midazolam had complete amnesia 
because they could not remember if their abdomen 
was pinched. Seven subjects given 0.15 mg/kg of 
diazepam (P < 0.05 vs 0.3 mg/kg of diazepam and 
0.15 mg/kg of midazolam) and nine given 0.05 mg/kg 
of midazolam could not remember being pinched. 
With placebo there was no amnesia. 

Figure 1 shows the mean scores for clinical seda- 


tion. The sedative effects of midazolam and diazepam 
were dose-dependent, The maximum effect obtained 
with 0.3 mg/kg of diazepam was between the maxi- 
mum effects of 0.05 and 0.1 mg/kg of midazolam 
suggesting a dose ratio of 4-5:1 for equipotent doses 
for sedation. Six subjects were unarousable 5 min 
after injection of 0.15 mg/kg of midazolam and three 
subjects after the dose of 0.10 mg/kg, whereas all 
subjects were arousable after 0.05 mg/kg of midazo- 
lam or 0.30 or 0.15 mg/kg of diazepam (midazolam: 
0.15 vs 0.10 mg/kg, P < 0.05; midazolam: 0.15 vs 
0.05 mg/kg or vs 0.15 or 0.30 mg/kg of diazepam, P < 
0.01; midazolam: 0.10 vs 0.05 mg/kg or vs 0.15 or 
0.30 mg/kg of diazepam, P < 0.05). 

For all psychomotor tests, two-way ANOVA 
showed that overall differences between various drug 
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injection of midazolam (©, 0.05 mg/kg; O, 0.1 mg/kg; O, 0.15 mg/k 
11 healthy volunteers. *P < 0.05, *P < 0.01, ***P < 0.001 vs place 


treatments were significant (P < 0.05 to 0.001). In 
addition, for all tests, one-way ANOVA revealed no 
significant differences between test days regarding 
baseline performance. On the other hand, at each test 
time after injections, one-way ANOVA revealed sev- 
eral significant differences between various treat- 
ments. The results of pairwise comparisons between 
various treatments for the psychomotor tests pre- 
sented in Figures 2-4 are shown in Table 1. 

All doses of midazolam impaired performance, 
as measured both objectively using tests of psycho- 
motor function and subjectively using visual ana- 
logue scales. However, compared with placebo, the 
0.05-mg/kg dose produced a significant difference 
only in the digit-symbol substitution test, the number 
of coordination mistakes, exophoria, and subjective 
estimation of overall performance. The 0.1- and 
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Figure 3. Body sway, exophoria, action judgment test mistakes, and digits correctly substituted. Mean scores obtained before and after IV 


diazepam (A, 0.15 mg/kg; W, 0.3 m , and placebo (x, saline) in 
Fisher's protected least significant difference test. 


0.15-mg/kg doses produced significant differences in 
all objective and subjective tests 1 h after injection. 
With the 0.1-mg/kg dose, the only tests remaining 
significantly different from control for 3 h were the 
digit-symbol substitution test and the amount of exo- 
phoria. However, at 3 h, the effects of the 0.1-mg/kg 
dose of midazolam did not differ from the effects of 
placebo for other tests. With the 0.15-mg/kg dose of 
midazolam, psychomotor impairment remained sig- 
nificantly different for 3 h except for the divided- 
attention test. Five hours after injection, multiple 
reaction time and anterior-posterior body sway were 
still significantly impaired, whereas performance in 
the other tests was close to that produced by placebo. 

Generally, the maximal effects after diazepam were 
not as prominent as those seen after midazolam. 
However, the psychomotor effects of diazepam lasted 





TIME (h) 


Figure 4. The area sai subjective estimate of worsened overall 


performance before and after IV injection of midazolam (©, 
0.05 mg/kg; O, 0.1 mg/kg; O, 0.15 mg/kg), diazepam (A, 
0.15 mg/kg; E, 0.3 mg/kg), and placebo (x, saline) in 11 healthy 
volunteers. *P < 0.05, *P < 0.01, *P < 0.001 vs placebo; Fisher’s 
protected least significant difference test. 


longer. One hour after injection, the 0.15-mg/kg dose 
of diazepam induced significant impairment only in 
the digit-symbol substitution test and in multiple 
reaction time. The 0.3-mg/kg dose significantly im- 
paired performance in all tests. In seven tests, the 
performance remained impaired for 5 h after injec- 
tion. Usually at this time the effects of midazolam 
were no longer detectable. 

For the reaction tests, coordination test, and action 
judgment test, the highest scores seen after the 
0.15-mg/kg dose of midazolam were statistically sig- 
nificantly greater than the highest scores seen after 
the 0.3-mg/kg dose of diazepam. The highest scores 
seen after the 0.3-mg/kg dose of diazepam did not 
usually reach the effects of the 0.1-mg/kg dose of 
midazolam. Hence, the dose-response relationship 
for the maximal psychomotor effects suggests that 
three to six times larger doses of diazepam must be 
used to obtain similar effects to those measured after 
midazolam. 


Discussion 


According to results from our laboratory measuring 
the psychomotor effects of alcohol (5), the new com- 
puterized test battery also proved sensitive to the 
effects of benzodiazepines. Baseline values always 
remained at the same level throughout the 6-wk 
experiment, and scores obtained after placebo re- 
mained at a constant level. Therefore, pretraining to 
avoid learning during actual testing was adequate, 
and the deviations found after drug injection were 
real treatment-related effects. 
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Intravenous diazepam and midazolam produced 
dose-related amnesia and sedation, impaired objec- 
tive performance, and induced subjective effects 
characteristic of sedative drugs. With the doses 
tested, the most profound impairment in psychomo- 
tor function was seen at 1 h after injection of 
0.15 mg/kg of midazolam. Recovery of psychomotor 
performance was faster after midazolam than after 
diazepam; statistically significant impairment (reac- 
tion times, divided attention, body sway, digit- 
symbol substitution) after 0.3 mg/kg of diazepam was 
still detectable 5 h after injection. 

Dundee et al. (2) suggested that the estimated ratio 
of equipotent doses of diazepam and midazolam is 
approximately 2:1 and that the difference between the 
clinical effects of midazolam and diazepam is not very 
prominent when this dose ratio is used. In one study, 
comparing a mean dose of midazolam of 0.14 mg/kg 
with a 0.29-mg/kg dose of diazepam, the sedation 
was comparable (8). Though IV midazolam was faster 
than IV diazepam both in achieving sedation and in 
return to normal activities in outpatients, objective 
differences in psychomotor testing were not found in 
that study. In another study of ambulatory patients 
undergoing bronchoscopy with local anesthesia and 
either 0.2 mg/kg IV of diazepam or 0.05 or 0.1 mg/kg 
of IV midazolam for sedation, psychomotor perfor- 
mance was similar between patients and, 2 h after 
administration, similar to that before sedation (9). In 
a further study, the degree of sedation during recov- 
ery, discharge times, and postoperative Trieger test 
scores were similar for patients given 0.1-0.3 mg/kg 
of diazepam and those given 0.05-0.15 mg/kg of 
midazolam (10). Other psychomotor recovery tests 
also suggest that full recovery after midazolam takes 
about the same time as after diazepam (11). 

Few studies used volunteers and various doses to 
carefully compare recovery from IV midazolam with 
recovery from IV diazepam. In one such study, 
volunteers given either 5 mg of midazolam or 10 mg 
of diazepam intravenously were tested for various 
psychomotor skills, including letter deletion, visual 
reaction time, addition, and seven-digit recall (3). 
Results showed that midazolam was more than twice 
as potent as diazepam. After 3 h, the impairment of 
psychomotor skills showed signs of reversal, with 
subjects receiving midazolam beginning to improve 
more rapidly than those receiving diazepam. 

Immediate recovery (awakening) after a single IV 
injection of a sedative dose depends largely on the 
drug’s distribution half-life (12). Recovery occurs 
when the central nervous system concentration de- 
clines below threshold level because of the redistri- 
bution of the drug to inert tissues (fat, muscle, skin). 
This explains why recovery after diazepam is rela- 
tively fast when compared with its long elimination 


270 NUOTTO ET AL. 
PSYCHOMOTOR EFFECTS OF MIDAZOLAM AND DIAZEPAM 


ANESTH ANALG 
1992;74:265-71 


Table 1. Statistical Pairwise Comparisons of Midazolam (0.05 mg/kg [M 0.05], 0.1 mg/kg [M 0.10], and 0.15 mg/kg 
[M 0.15]) and diazepam (0.15 mg/kg [D 0.15] and 0.3 mg/kg [D 0.30)) 


M 0.5 versus 


Time 
Test h) M010 M015 D015 

Auditory reactions 1 a c 
3 a 
5 

Multiple reactions 1 b c 
3 a 
5 

Divided attention 1 a b 
3 
5 

Coordination 1 c c 
3 b 
5 

Body sway 1 c 
3 b 
5 

Exophoria 1 
3 
5 

Action judgment 1 b c 
3 b 
5 

Digit-symbol substitution 1 c c 
3 
5 

Subjective performance l a 
3 b 
5 


M, midazolam; D, diazepam. 





D 0.15 
M 0.10 versus M 0.15 versus versus 
D030 M015 D015 D030 D015 D030 D030 
b c c 
a a 
a b b b 
a a c a 
c c c b 
b b 
a b 
a a a 
a c c a b 
a b b 
a a c a 
b a a c 
a 
a 
a a a 
c c € a 
b c a a 
c c c c 
b a c b 
b a a 
€ 
b a a 


Data refer to psychomotor tests presented in Figures 2-4 and time points 1, 3, and 5 h after injection. 
“P < 0.05, *P < 0.01, °P < 0.001; Fisher's protected least significant difference test. 


half-life. After the drug redistribution, the residual 
psychomotor effects are more dependent on drug 
elimination and adaptation or acute tolerance (13,14). 
Intravenously administered diazepam has a distribu- 
tion half-life of close to 1 h and a half-life of elimina- 
tion of more than 30 h (15); in contrast, midazolam 
has an initial distribution half-life of 7.2 min and an 
elimination half-life of 2.5 h (16). Furthermore, be- 
cause of midazolam’s much shorter elimination half- 
life than the parent drug (17), the main active me- 
tabolite of midazolam, a-hydroxymidazolam, is 
probably not responsible for the prolonged effects 
reported earlier. The major metabolite of diazepam, 
desmethyldiazepam, has properties similar to its 
parent drug and has a much longer elimination 
half-life than diazepam. The pharmacokinetic profiles 
of midazolam and diazepam do not support the 
assumption of previous clinical studies suggest- 
ing that residual psychomotor effects after midazolam 


are similar to diazepam if equipotent doses are 
used. 

Depending on the dose range studied and the tests 
measured, our results clearly indicate that the ratio of 
doses necessary to produce similar sedation and psy- 
chomotor peak effects of diazepam and midazolam is 
3-6:1 rather than 2:1 as suggested earlier. Thus, clini- 
cally sufficient sedation may be achieved with smaller 
doses of midazolam than was recommended in the 
past. The earlier errors in estimation of the potency of 
midazolam may have been a result of the fact that the 
effects of a more potent dose of midazolam may be 
equivalent to the effects of a less potent dose of diaze- 
pam if the estimation is made 2-3 hours after drug 
administration. 


We thank Mary Hendren, RN, and Bradford Lane, BA, for their 
help; and Michael Roizen, MD, for his advice. 
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SPECIAL ARTICLE 


Anesthetic Drugs and Emergency Departments 


Eugene Y. Cheng, MD, Nordeana Nimphius, MS, and John P. Kampine, MD, PhD 
Department of Anesthesiology, Medical College of Wisconsin, Milwaukee, Wisconsin 


Hospital emergency departments were surveyed on 
their use of N,O, intravenous anesthetics, and neu- 
romuscular blocking drugs; patient monitoring dur- 
ing their use; and the monitoring and evaluation of 
the quality and appropriateness of the use of these 
drugs. We received 90 of the 170 surveys sent for a 
response rate of 53%. Sixty-three percent of the 
emergency departments that answered our survey 
administer one or more of these drugs in the emer- 
gency room. Less than two-thirds of these respond- 
ents indicated they use patient monitors while 


ogists in the operating room are being used in 

many other areas of the hospital by nonanes- 
thesiologists. One area ir which anesthetic drugs are 
thought to be frequently used is the Emergency 
Department (ED). The extent to which ED physicians 
use anesthetic drugs, how patients are monitored, 
and if the hospital’s anesthesia service is involved in 
maintaining the standard of care are not known. This 
study investigated the use of intravenous anesthetics, 
nitrous oxide, and neuromuscular blocking drugs; 
how patients were monitored; and who was respon- 
sible for monitoring and evaluating the quality and 
appropriateness of anesthetic care in the ED. 


Dz commorily administered by anesthesiol- 


Methods 


Survey forms were sent to the ED directors in hospi- 
tals with a capacity of 300 beds or more in the states 
of Illinois and Wisconsin. The survey specifically 
asked if N,O, intravenous ultrashort-acting anesthet- 
ics (e.g., thiopental), and neuromuscular blocking 
drugs were used by ED physicians. If any of these 
drugs were used, survey respondents were asked (a) 
who was responsible for ensuring that the drugs 
were used in the appropriate situation and proper 
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administering these drugs. The emergency depart- 
ment monitors and evaluates the appropriate use of 
these drugs in about half of the hospitals that use 
them, whereas the anesthesiology department is in- 
volved less than 20% of the time. Anesthesiolog: 
departments should become more involved in devel- 
oping criteria for evaluating the quality of anesthesia 
administered by other hospital departments to help 
ensure that all patients receive a comparable level of 
anesthetic care throughout the hospital. 

(Anesth Analg 1992;74:272-5) 


dosage and (b) to describe patient monitoring. Differ- 
ences in responses between states were evaluated 
ite xX -square tests. 


Results 


We received 90 of the 170 surveys sent, for a response 
rate of 53%. There were no significant differences 
between the two states in responses to any of the 
questions on the survey. 

Of the EDs that responded to our survey, 30% (n = 
27) administered N,O (Figure 1), 20% (n = 18) admin- 
istered intravenous ultrashort-acting anesthetics (Fig- 
ure 2), and 53% (n = 48) administered neuromuscular 
blocking drugs (Figure 3). Where these drugs were 
used, evaluation of the quality and appropriateness 
of their use was performed by the ED in 48% (n = 13), 
44% (n = 8), and 52% (n = 25) of the hospitals for 
NO, intravenous anesthetics, and neuromuscular 
blocking drugs, respectively. The anesthesiology de- 
partment evaluated the quality and appropriateness 
of the use of N.O, intravenous anesthetics and neu- 
romuscular blocking drugs in 19% (Figure 1), 6% 
(Figure 2), and 4% (Figure 3), respectively, of the EDs 
that used them. In total, 63% (n = 57) of the EDs 
administered N,O, intravenous anesthetic drugs, 
and/or neuromuscular blocking drugs (Figure 4). In 
58% (n = 33) of these EDs, patients who received any 
of these drugs were monitored with one or more 
monitors including electrocardiogram, pulse oxime- 
try, and arterial blood pressure (Figure 4). A single 
monitor was used by 24% (n = 8) of these EDs, two 
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Figure 1. Thirty percent of emergency departments (ED) that answered our survey administer NO in the emergency. room (left). The 
quality and appropriateness of the use of N20 is monitored and evaluated by the ED (48%), the anesthesiology department (19%), other 
de ents in the hospital (22%), or is not monitored at all (7%) (right). Four percent of respondents that use N,O in the ED did not 
indicate who monitored and evaluated the quality and appropriate use of this drug. 
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Figure 2, Twenty percent of emergency departments (ED) that answered our survey administer intravenous ultrashort-acting anesthetics 
in the emergency room (left). The quality and appropriateness of the use of intravenous ultrashort-acting anesthetics is monitored and 
evaluated by the ED (44%), the anesthesiology department (6%), other departments in the hospital (28%), or is not monitored at all (17%) 
(right). Five percent of the EDs that use intravenous ultrashort-acting anesthetics did not indicate who monitored and evaluated the quality 


and appropriate use of these drugs. 
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Figure 3. Fifty-three percent of emergency departments (ED) that answered our survey administer neuromuscular blocking drugs in the 
emergency room (left). The quality and appropriateness of the use of paralytic doses of muscle relaxants is monitored and evaluated by the 
ED (52%), the anesthesiology department (4%), other departments in the hospital (23%), or is not monitored at all (15%) (right). Six percent 
of the EDs that use neuromuscular blocking drugs did not indicate who monitored and evaluated the quality and appropriate use of these 


drugs. 


monitors by 33% (n = 11), three monitors by 39% 
(n = 13), and four monitors by 3% (n = 1). No 
monitors were used in 12% of EDs administering 
these drugs, and 30% of the respondents that used 
these agents did not indicate whether or not they 
used monitors. 


Discussion 


One of the major goals of the Joint Commission on 
Accreditation of Healthcare Organizations ((CAHO) 
is to help set standards to assure the quality, safety, 
and appropriateness of patient care services. Inherent 
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Figure 4. Thirty-seven percent of emergency departments (ED) that answered our survey use monitors while administering N,O, 
intravenous induction agents, and/or neuromuscular blocking agents in the emergency room (left), 8% do not use monitors while 
administering these drugs, and 19% of the EDs responded that they use these drugs but did not indicate whether or not monitors were 
used. The remaining 37% do not use these drugs in their EDs. Monitors were used by 33 (58%) of the 57 EDs that administer one or more 
of these drugs, including (right) electrocardiogram (n = 30), pulse oximetry (n = 24), blood pressure (n = 14), and/or other monitors (n = 
5). Twenty-five survey respondents indicated they use two or more monitors while administering these agents. 


to providing appropriate quality of care for patients is 
the need to monitor and evaluate these services. 

In the JCAHO Accreditation Manual for Hospitals 
(1) under the Surgical and Anesthesia Services sec- 
tion, the anesthesia standards apply “to all patients 
who receive general, spinal, or other major regional 
anesthesia or undergo surgery or other major re- 
gional anesthesia and/or intravenous, intramuscular, 
or inhalation sedation/analgesia that, in the manner 
used in the hospital, may result in the loss of the 
patient’s protective reflexes.” Furthermore, in the 
same section, criteria for individuals administering 
these services are stated: “Individuals who provide 
surgical and anesthesia services independently have 
appropriate clinical privileges to do so” and that 
“individuals who provided surgical or anesthesia 
services under direction or supervision have been 
determined to be competent to provide such serv- 
ices” (1). 

By JCAHO standards, the anesthesia service, or 
specifically the director of anesthesia services, is 
responsible for developing “approaches to effectively 
monitor and evaluate the quality and appropriateness 
of anesthesia care provided by individuals in any 
department/service in the hospital including, but not 
necessarily limited to, the ambulatory care, dental, 
emergency, obstetric, psychiatric, special care, and 
special procedure(s) units/departments/services” (1). 
The goal of these standards is to ensure that patients 
with similar health problems and conditions receive a 
comparable level of anesthetic care throughout the 
hospital. The American Society of Anesthesiologists 
(ASA) also supports these standards. In the ASA 1991 
Directory of Members (2) in the Medico-Administra- 


tive Organization and Responsibilities section, the: 


responsibility of the director of the anesthesia depart- 
ment is to monitor the quality of anesthesia care 
rendered throughout the hospital, including surgical, 
obstetric, emergency, outpatient, psychiatric, and 


special procedures areas; develop regulations con- 
cerning anesthetic safety; and ensure evaluation of the 
quality of anesthesia care throughout the. hospital. 
The survey data show that input from the anesthe- 
siology department concerning the administration of 
anesthetic drugs in the ED appears to be lacking more 
than 80% of the time in Wisconsin and Illinois (Fig- 
ures 1-3). Whether this same percentage exists in the 
other states is unknown, but the probability is that 
the anesthesiology department participation in other 
states is also poor. Although response bias may exist 
in our results, the literature indicates that many EDs 
in the United States use these anesthetics (3-16) and 
do not believe that input from the anesthesiology 
department is needed (3-6). Anesthesiologists have 
expressed concern over the safe use of these drugs by 
nonanesthesiologists (17,18). Other authors believe 
that safety can be improved when patients are mon- 
itored while they are receiving anesthetic drugs (19- 
22). There is little information in the literature about 
the complication rate in the ED from the use of 
anesthetic drugs. Therefore, it would be difficult to 
assess the benefits of anesthesiology department par- 
ticipation in the ED. However, we believe this should 
not be used as an excuse to avoid participating in the 
evaluation of the quality and appropriateness of the 
use of anesthetic drugs outside the operating room. 
The lack of larger anesthesiology department rep- 
resentation outside the operating room may be due to 
the lack of awareness of the widespread use of 
anesthetic drugs by nonanesthesiologists or to the 
Jack of familiarity with the development of hospital 
policies and procedures to monitor these activities. 
Another possible reason for the reluctance of anes- 


_ thesiologists to become involved is the fear that they 


will be held responsible for the action of physicians 
who function outside the department. At this time, 
there are no cases in the ASA Closed Claims Project 
(19,23-25) in which an anesthesiologist has been sued 
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because of anesthetic drug administration by emer- 
gency department personnel (ASA Closed Claims 
Project, personal communication from F. W. Cheney, 
MD, July 19, 1991). However, as the JCAHO is 
advocating the active participation of anesthesiolo- 
gists in monitoring and evaluating anesthetic care in 
hospital departments outside the operating room, 
neglecting this responsibility may put the anesthesi- 
ologist at risk for litigation problems in the future 
(26). Whatever the reason, the lack of anesthesiology 
department input in the development of criteria for 
monitoring and evaluating the quality and appropri- 
ateness of anesthetic drug use may have an adverse 
effect on patient care besides not fulfilling the recom- 
mendations of JCAHO or the ASA. By becoming 
involved with establishing the quality of anesthesia 
wherever it is given in the hospital, we will hopefully 
improve the quality of patient care and demonstrate 
to other specialties the anesthesiologists’ ability to 
help with the issue of medical quality assurance 
outside the operating room. 
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Airway Considerations in the Management of Patients 
Requiring Long-Term Endotracheal Intubation 


David J. Stone, MD, and David L. Bogdonoff, MD 
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Oral vs Nasal Long-Term Endotracheal Intubation 

Inability to Provide Leak-Free Ventilation 

Endotracheal Tube Size 

Changing the Endotracheal Tube and Problem Tracheal 
Extubations 

Laryngotracheal Complications of Endotracheal Intubation 

Tracheostomy: Why, When, and If 

Care of the Patient With a Tracheostomy 

Conclusion 


nesthesiologists are often consulted in the 

management of airway problems that occur 

outside the context of administering an anes- 
thetic. Although many of these problems can be 
solved by applying the principles of airway manage- 
ment used in the operating room, other situations 
arise that require special considerations. This review 
addresses some of the factors that are important in 
the anesthesiologist’s role as a consultant in airway 
management. These include not only considerations 
for endotracheal intubation, but also the special prob- 
lems that arise in the maintenance of an airway of a 
patient whose ventilation is being mechanically con- 
trolled for a prolonged period of time (i.e., more than 
1-2 days). 


Oral vs Nasal Long-Term 
Endotracheal Intubation 


Many of the acute factors that relate to the placement 
of endotracheal (ET) tubes in oral versus nasal loca- 
tions are familiar to anesthesiologists. These factors, 
as well as complications of a more chronic nature, will 
help determine the route chosen for ET tube place- 
ment (Table 1). For anyone who has not had the 
misfortune of experiencing both, it is quite difficult to 
determine whether nasal is more comfortable than 
oral tracheal intubation. Although nasal tubes are 
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believed to be more comfortable, an extensive study 
of prolonged intubation indicated that comfort was 
not a distinguishing factor between the two routes 
(1). From a nursing viewpoint, oral hygiene is more 
easily maintained with a nasal tube, but airway 
suctioning is not facilitated by either location and is 
usually more difficult through nasal tubes (1). The 
use of nasotracheal intubation obviates the need for a 
bite block or oral airway to prevent the patient from 
biting down and occluding the tube. On the other 
hand, patients with nasal tubes can swallow large 
amounts of air and suffer severe gastric distention (2). 
The nasogastric tube required to prevent such disten- 
tion may also predispose to the development of a 
tracheoesophageal fistula (3). Tubes in either location 
may cause pressure necrosis at their respective sites 
of entry (e.g., nares or lips) such that careful taping 
and securing of the tubes (usually including exten- 
sion of the tape behind and around the head) must 
avoid compression of surrounding tissues lest poten- 
tially disfiguring injuries occur (4). 

More significant considerations in ET tube place- 
ment include the likelihood of accidental extubation 
and the development of sinus infection. A recent 
evaluation of the incidence of unintended extuba- 
tions (i.e., by the patient) in a mixed medical-surgical 
intensive care unit (ICU) found no significant differ- 
ence between patients who received oral or nasal 
tracheal intubation (5). However, oral ET tubes have 
less internal tube support and may be more suscep- 
tible to dislocations that are unrelated to self- 
extubation (6). 

The association of maxillary sinusitis with nasotra- 
cheal intubation was first reported by Arens et al. in 
1974 (7). More recent reports have provided further 
understanding of the problem. Paranasal sinusitis 
may occur in patients tracheally intubated electively 
for surgery or emergently (8). Patients who experi- 
ence head trauma may be at particular risk as many 
have sinus air-fluid (blood) levels on initial computed 
tomography scans. These levels represent damage to 
the sinus and provide an excellent culture medium 
for bacteria (9). The incidence of sinusitis appears to 
increase dramatically after 5 days of nasal intubation 
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Table 1. Considerations in Oral Versus Nasal 
Tracheal Intubation 


Oral Nasal 
Comfort + 2 
Suctioning t + 
Oral hygiene = + 
Lack of bite block $ + 
requirement 
Pressure necrosis of = = 
adjacent tissue 
Stability ar ‘Pe 
Sinusitis + = 
Ability to use larger tube + = 
Laryngeal damage _ F? 


+, Clear advantage; +?, possible advantage; —, disadvantage; +, 
indeterminate. 


(10). Although the precise mechanism is not known, 
it appears likely that the ET tube may cause injury to 
the sinus ostia during insertion that results in edema 
with subsequent mechanical obstruction of the ostia. 
Diagnosis of sinusitis in the critically ill patient is best 
made by computed tomography scan, but purulent 
discharge in conjunction with standard radiographs 
or ultrasound may be adequate (11). These patients 
often have a previously unexplained source of fever. 
Treatment involves the removal of nasal instrumen- 
tation (including nasogastric tubes), its replacement 
with an oral ET tube, and the administration of 
antibiotics, at which time the anesthesiologist may be 
consulted if tracheostomy is not planned. Sinusitis in 
the critically ill patient is not to be taken lightly 
because of the resultant hypermetabolism and the 
risk of potentially serious intracranial infection. The 
latter is often refractory to antibiotics if the obstruct- 
ing tube is not removed. The risk of sinusitis may 
justify the use of an oral rather than nasal ET tube 
when, in the judgment of the clinician, all other 
factors are equal. 

The significance of endotracheal tube size in this 
setting will be discussed, but it is clear that an 
8.0-mm-internal diameter (ID) ET tube cannot be 
passed through the nares and nasopharynx of all 
patients, and in some patients, even a 7.0-mm-ID ET 
tube (hereafter, 7.0 ET tube) cannot be passed. There- 
fore, the oral location may be preferred if a specific 
tube size is required, and the desired size nasal tube 
cannot be passed nasally. The larger internal diame- 
ter of the oral tube will produce less airflow resistance 
and offers the theoretical advantage of a reduction in 
the work of breathing. This resistance is further 
reduced because the oral tube may be cut shorter and 
because of the larger radius of curvature provided by 
the oral tube in situ (12). 

A final important consideration is the alleged 
lower incidence and degree of laryngeal damage 
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Table 2. Inability to Provide Leak-Free Ventilation 


Incorrect cuff positioning 
Tube size too small 

Leak in balloorn/valve system 
Cuff leak 

Tracheomalacia 
Tracheoesophageal fistula 


associated with nasal intubation (13). Nasal tubes 
may be somewhat more stable and therefore cause 
less movement-related injury to the larynx. In addi- 
tion, the straighter positioning of a nasal ET tube 
entering the larynx (compared with an oral ET tube) 
may cause somewhat less pressure and therefore less 
damage to susceptible laryngeal structures. How- 
ever, the most important factor may be simply the 
fact that smaller tubes are often used for nasal intu- 
bations. 


Inability to Provide Leak-Free Ventilation 


The anesthesiologist is often consulted to evaluate 
the patient in whom the ET tube cuff seal is not 
adequate (Table 2). This occurred in 11% of patients 
in the report by Stauffer et al. (1). If the patient is 
receiving adequate ventilation and is not in imminent 
danger of aspiration of gastric contents, the problem 
is not emergent. Leaks may involve a leak around the 
cuff as weil as loss of air from the cuff system. 
Incorrect positioning of the ET tube is probably the 
most frequent cause of leaks around the cuff. Gener- 
ally, oral ET tubes are located acceptably if markings 
of 23 cm and 21 cm appear at the upper teeth in men 
and women, respectively (14). For nasal intubations, 
approximately 3 cm additional distance is required for 
proper positioning at the nares. These depths of 
insertion usually make endobronchial intubation un- 
likely and should therefore be examined initially to 
ensure a reasonable depth of placement (15). Ex- 
tremely tall patients may require adjustments based 
on radiographic location of the ET tube. The distance 
between the vocal cords and the carina in adults 
varies between 10 and 14 cm, largely because of 
differences in tracheal length (16,17) (Figure 1). If the 
tip of an 8.0 ET tube is placed 3-4 cm above the 
carina, to avoid endobronchial intubation, the dis- 
tance from the tube tip to top of cuff is usually about 
5 cm but may vary slightly with different manufac- 
turers. This leaves a variable 1-6-cm distance be- 
tween the top of the cuff and the vocal cords. If the 
cuff protrudes above the cords, a leak may develop in 
spite of very large cuff volumes. Although laryngo- 
scopic examination (either direct or fiberoptic) is 
usually required to identify this situation, occasion- 
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Figure 1. Diagrammatic representation of key distances relating to 
ET tube positioning. 


ally the top of the cuff can actually be seen on simple 
inspection of the oropharynx. Eccentric cuff inflation 
can also cause a leak and should be prevented by 
inspection of the inflated cuff before insertion (18). 

Varying leaks owing to small ET tubes are seen 
daily in pediatric practice. In the adult, a leak owing 
to a small tube is less likely but still possible, espe- 
cially if a 7.0 ET tube is inserted into very large or 
highly compliant airways such as might be encoun- 
tered in the emphysematous patient. These highly 
compliant airways enlarge to a greater extent in the 
presence of applied pressure (T. J. Gal, personal 
communication). In this situation, very high cuff 
volumes may be required to seal the airway, and the 
“low-pressure” characteristics of the cuff may be 
exceeded, resulting in excessive pressures on the 
tracheal wall. 

Leaks may commonly develop in the inflation 
valve and pilot balloon system for cuff inflation. If a 
valve leak is detected, a three-way stopcock or T-con- 
nector can simply be inserted to maintain a seal. If the 
valve housing or pilot balloon is leaking, the connect- 
ing tubing can be cut and an alcohol-lubricated 22- 
gauge catheter can be inserted into the tubing. A 
T-connector or three-way stopcock can then be at- 
tached to maintain a seal (19) (Figure 2). Cuff leaks 
detected immediately after intubation are usually due 
to a nick made by teeth, nasal turbinates, or Magill 
forceps. Esophageal intubation must also be ruled out 
quickly in the case of all leaks immediately following 
tube insertion. Late occurring leaks are much more 
common in the inflation valve system than in the cuff. 
The body of the cuff is likely to be leaking if kinking 
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TO CUFF BALLOON 





Figure 2. Suggested means for sealing leaks in pilot balloon valve via 
(A) three-way stopcock and (B) ‘T-connector” or for sealing leaks in 
pilot balloon via (C) insertion of 22-gauge catheter directly into cut 
end of pilot tubing. (Reprinted with permission from Watson E, 
Harris MM. Leaking endotracheal tube. Chest 1989;95:709.) 


or compression of the connecting tubing after cuff 
inflation does not seal the leak. Normally, when the 
cuff is fully deflated, a negative pressure can be felt 
with the deflating syringe, and this “tug” is lost 
when cuff integrity is lost. In addition, the normal 
resistance to complete inflation is absent and the cuff 
is not palpable in the suprasternal notch or visible on 
radiograph. A true cuff leak will generally require a 
tube change unless extubation is imminent. If chang- 
ing the tube is judged to be unacceptably dangerous, 
tracheostomy may be considered. A continuous-flow 
apparatus for temporary inflation of a leaking cuff has 
recently been described and could be used as a 
stop-gap measure (20). 

Serious structural complications of intubation (or 
tracheostomy) that can result in lack of airway seal 
include tracheomalacia and tracheoesophageal fis- 
tula. Tracheomalacia involves weakening of the tra- 
cheal cartilage just above and at the level of the cuff. 
While the airway remains instrumented, widening of 
the trachea may occur and requires progressive in- 
creases in cuff volume to seal the airway. These two 
complications are discussed in more detail in a later 
section. 


Endotracheal Tube Size 


The choice of ET tube size is of concern to the 
consultant for several reasons. First of all, if the tube 
is too small, higher cuff pressures will be required to 
prevent gas leakage, and this may result in convert- 
ing the low-pressure cuff into one of relatively high 
pressure. If the tube is too large, folds may be 
produced in the underinflated cuff and allow for 
channeling and aspiration of material from the phar- 
ynx (21). 
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Fiberoptic bronchoscopy has become a widely 
used diagnostic and therapeutic modality in the ICU 
(22). Most flexible bronchoscopes designed for adult 
use have a 4.9-mm outer diameter (OD), although 
some may have a 6.0-mm OD (23). When a 4.9-mm 
OD bronchoscope (approximately 19 mm7? in cross- 
Sectional area) is inserted into a 7.0-mm ET tube 
(approximately 38 mm‘ in area), a cross-sectional area 
nearly equivalent to a 5.0 ET tube remains for venti- 
lation arotind the tube. Many bronchoscopists believe 
that the difficulty in ventilation and the potential for 
auto-positive erid-expiratory pressure and hyperin- 
flation with a 5.0-mm OD scope make bronchoscopy 
unsafe through a 7.0 ET tube. When inserted into an 
8.0 ET tube, the same scope allows for an airway 
approximately equivalent in cross-sectional area to 
that of a 6.0 ET tube. For this reason, bronchoscopists 
frequently request that a 7.0 ET tube be replaced with 
a larger tube for bronchoscopy. This poses Several 
problems, including the risks associated with a single 
or multiple reintubation(s) if the larger tube is subse- 
quently replaced with a smaller tube. The latter may 
be desirable, for example, in smaller female patients 
in whom the larger tube (8.0 mm ID) may present an 
increased risk of laryngeal injury (24). When con- 
sulted for this purpose, the anesthesiologist must 
judge whether the risks justify the benefits. This 
requires the consultation of the bronchoscopist, pref- 
erably in a note written in the patient’s chart. Alter- 
natives to changing the tube include (a) performing 
the bronchoscopy through the 7.0 ET tube with 
careful monitoring for acceptable oxygenation and 
ventilation and modification of ventilatory settings or 
ventilation by hand to achieve an acceptable respira- 
tory status; (b) using a smaller bronchoscope. (There 
are pediatric bronchoscopes that should be long 
enough for most purposes [23]); (c) inserting the 
bronchoscope though the glottis anteriorly to the ET 
tube to attain access to the tracheobronchial tree (25). 
(This requires skill and cooperation on the part of the 
bronchoscopist and may fail in patients with very low 
compliance or high resistance because a sizeable leak 
can occur.); (d) initially intubating all patients with an 
ET tube of at least 7.5-mm ID (our current approach). 
There is a small possibility that this may increase the 
risk of laryngeal stenosis in patients with an unusu- 
ally small larynx. If the consultant anesthesiologist 
determines that the risk of changing the ET tube is 
unacceptable and the bronchoscopist cannot work 
through or around the existing tube, tracheostomy 
can be considered. 

The inner diameter of the ET tube is also an issue in 
weaning from mechanical ventilation because of the 
potential increased work of breathing. There is no 
question that breathing is more difficult through 
smaller ET tubes. At issue here is the level at which this 
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increased work of breathing achieves clinical signifi- 
cance. Shapiro and coworkers (26) demonstrated that 
volunteers, breathing through ET tubes placed in the 
pharynx, reached tension time indices at high minute 
ventilations that would result in diaphragmatic fatigue 
with 6.0 and 7.0 ET tubes but not with larger ones. The 
tension time index (ITI) is the product of the inspira- 
tory time or duty cycle (T}) relative to the entire breath- 
ing cycle (Tror) and the mean transdiaphragmatic pres- 
sure (Pq) expressed as a percentage of the maximum 
transdiagphragmatic pressure (Pa, max)- Thus TTI = 
T/Tror x Pal Pa max? If TTI > 0.15, i.e., T Tror and 
P /Pai max are both 0.4 or more, fatigue is likely. An- 
other study that examined the work per minute of 
breathing through isolated ET tubes indicated approx- 
imately 50% higher values for a 7.0 ET tube compared 
with a 8.0 ET tube at a respiratory rate of 20 breaths/min 
and a tidal volume of 500 mL (27). An extension of this 
work with isolated ET tubes also examined the addi- 
tional added work of breathing through a ventilator 
demarid valve system for continuous positive airway 
pressure (CPAP) (28). These workers noted that at a 
tidal volime of 500 mL and respiratory rate of 25 
breaths/min, as often observed in a patient after dis- 
continuing mechanical ventilation, total inspiratory 
work per liter was increased from 0.06 kg-m 
(0.1 kg-m = 1 joule) for an 8.0 ET tube to 0.07 kg-m for 
a 7.0 ET tube (both with CPAP/ventilator sys- 
tem). For a 12.5-L minute ventilation, this would be 
0.75 kg-m/min compared with 0.88 kg-m/min, or ap- 
proximately an 18% increase. Converting to watts 
(1 watt = 6.3 kg-m/min), this represents 0.12 W and 
0.14 W for the respective tube sizes. Proctor and Wool- 
son (29) have reported that the normal work of breath- 
ing in young healthy men is 0.07 W (0.44 kg-m or 4.4 J). 
They determined that a work of breathing of 0.41 W 
(2.50 kg-m/min) distinguished between postoperative 
patients who did or did not require continued ventila- 
tion. In postoperative patients, Peters et al. (30) found 
that less than 10% of patients capable of sustaining 
ventilation had a work of breathing greater than 0.4 W. 
More recent work indicates that an (inspiratory) work 
of breathing of less than 1.6 kg-m/min was necessary 
for successfully discontinuing ventilation (31). It would 
appear, then, that the increased work of breathing 
going from a 8.0 ET tube to an 7.0 ET tube is hardly 
excessive and accounts for only a small proportion of 
the increase seen in patients in whom mechanical 
ventilation is discontinued. In fact, failure to tolerate the 
small degree of added work required to breathe suc- 
cessfully through a 7.0 ET tube may indicate that the 
patient is likely to fail extubation because of inability to 
cope with added stresses, such as secretions and at- 
electasis. If there is concern that a 7.0 mm ET tube is 
inhibiting the patient’s ability to breathe spontane- 
ously, the provision of a small amount of pressure 
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support ventilation can overcome the work of breathing 
through the ET tube as well as that increase in work 
added by other devices such as demand valves (28). 
The exact amount of pressure support required de- 
pends on the inspiratory flow rate and the demand 
valve system for CPAP. For example, with a 0.5-L/s 
flow rate and the CPAP system with the Puritan- 
Bennett 7200 ventilator, 6 cm H,O for the 8.0 ET tube 
and 10 cm H,O for the 7.0 ET tube should compensate 
for the additional work of breathing (28). 

One additional consequence of smaller ET tube 
size is the possibility of developing “‘auto-PEEP” and 
hyperinflation (32). This phenomenon is only likely 
to develop when extremely high levels of ventilation 
and obstructive airway disease are present in con- 
junction with the use of a 7.0 (or smaller) ET tube. If 
ventilation cannot be reduced, the degree of auto- 
PEEP can only be minimized by increasing the time 
available for expiration. This is best accomplished by 
decreasing respiratory rates but may also be en- 
hanced by increased inspiratory flow rates with their 
attendant reduction in inspiratory time (33). 


Changing the Endotracheal Tube and 
Problem Tracheal Extubations 


The ET tube may require changing for a variety of 
reasons. The issues of cuff leak, tube size requirement 
for bronchoscopy, and the work of breathing have 
been discussed. The nasal tube may be changed to an 
oral tube if treatment of sinusitis is necessary. On 
occasion, intensivists may request changing an oral 
tube to a nasal tube for some of the reasons previ- 
ously discussed including comfort and stability. Be- 
fore changing the tube, the consultant anesthesiolo- 
gist should carefully consider the need for the 
change, consider alternatives, and discuss risks with 
the consulting service, and even with the patient or 
family if the risk is considerable. The possibility of 
tracheostomy should be considered at this time. Risks 
of tube changing include inability to reintubate the 
trachea, aspiration, the rapid onset of hypoxemia in 
patients requiring high levels of positive end- 
expiratory pressure, laryngospasm, and the mechan- 
ical problems of any intubation, e.g., tooth breakage 
and esophageal intubation. It is essential to have all 
equipment present (bag O,, mask, oral airways, suc- 
tion) and not assume that such equipment will be 
immediately available. 

The ET tube can be changed under direct laryngo- 
scopic vision using Magill forceps, nerve blocks, 
topical anesthesia, and minimal or no sedation (34). It 
is preferable to remove the old tube under direct 
vision while maintaining adequate visualization of 
the glottis throughout the procedure. The curved 
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Macintosh blade may better facilitate exposure of the 
“crowded” glottic area and allow more room to 
maneuver. Adequate pharyngeal suctioning should 
precede all of these tube changing or removal maneu- 
vers. A vagolytic drug (e.g., glycopyrrolate, 0.2 mg 
IV) may be used to minimize secretions and, there- 
fore, the likelihood of bronchospasm. Alternatively, 
an intravenously administered anesthetic and muscle 
relaxant may be used if it is reasonably certain that 
laryngoscopy and reintubation of the trachea can be 
readily accomplished. The use of heavy sedation and 
muscle relaxants should be reserved for special situ- 
ations when conscious reintubation presents extraor- 
dinary difficulties (e.g., severely psychotic, unco- 
operative, or. retarded patients, and patients with 
severe movement disorders). 

An alternative means of changing the tube is to use 
a mechanical device such as a stylet.. A nasogastric 
(NG) tube may be used, but its flexibility may result 
in difficult tube entry into the larynx because the 
pliable NG tube may enter the periphery rather than 
the center of the glottis. This may cause the ET tube 
tip to become impacted on the epiglottis or, more 
commonly, on the posterior commissure of the glottic 
aperture. Turning or flexion of the neck, in combina- 
tion with rotating the ET tube from 90° to 180°, may 
allow passage. The use of a hook made from an 
intubating stylet or of the Magill forceps may aid 
manipulation of the NG tube into a position that 
facilitates intubation. Cooling the NG tube increases 
its rigidity and may also aid intubation (35). The 
Eschmann introducer, a more rigid device available in 
several sizes, is a more reliable tube changer in our 
experience than the NG tube (Figure 3, Eschmann 
Health Care, West Sussex, England). Care must be 
taken not to damage the fragile tracheal mucosa with 
this relatively rigid stylet. This introducer can also be 
used as a stylet to facilitate blind oral intubation and 
to ascertain tube location by careful insertion down to 
the carina where resistance is usually felt. These blind 
stylet techniques are not completely dependable and 
can result in loss of the airway. For example, it may 
be impossible to insert the new tube into the larynx. 
Use of a smaller ET tube size, such as 6.0 mm ID, may 
be very helpful when this happens. Bedger and 
Chang (36) have designed a “jet-stylet’” ET catheter to 
allow for gas delivery and suction during blind ET 
tube changes in patients with compromised upper 
airways (Figure 4). These authors used a 65 cm length 
of polyethylene tubing with a 4.5-mm OD. A remov- 
able 15-mm adapter is used for connection to the 
anesthesia machine, jet ventilator, or other gas 
sources. A 5.0-mm ID or larger ET tube is passed over 
this tubing into the trachea as for the aforementioned 
stylet techniques. The authors report that all attempts 
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Figure 3. The Eschmann introducer, a moderately rigid stylet used 
in ET tube replacement. 


SY 





Figure 4. Jet stylet catheter placed through a 5.0-mm ET tube 
demonstrating distal side ports and circumferential marks at 20, 25, 
and 30 cm to assist in positioning. The proximal 15-mm adapter is 
detachable for advancing and removing the ET tube. (Reprinted 
with permission from Bedger RD, Chang J-L. A jet-stylet endotra- 
cheal catheter for difficult airway management. Anesthesiology 
1987;66:221-3.) 


at using this device had been successful up to the 
time of the report. 

When equipment and skilled operators are avail- 
able, the flexible fiberoptic bronchoscope can be used 
to change the ET tube. After placing an ET tube over 
the bronchoscope, the scope is placed alongside the 
ET tube to be replaced, the cuff is deflated slightly 
and the tip is inserted well into the trachea (37-39) 
(Figure 5). The old tube is removed and the new tube 
is threaded into the trachea. Some maneuvering of 
the neck, tube, and/or scope may be required on 
occasion to allow for transglottic passage. This tech- 
nique allows for conversion of a nasal ET tube to an 
oral one and vice versa. If the bronchoscope cannot 
be passed alongside the ET tube in the larynx, the 
first tube can be removed under direct fiberoptic 
vision and the bronchoscope subsequently can be 
inserted into the larynx (Figure 6). This technique is 
not as certain a means of securing the airway. An- 
other technique described by Hudes et al. (40) allows 
for changing tubes from nasal to nasal and oral to oral 
only. In this method, a new ET tube is placed over the 
bronchoscope which is inserted into the original ET 
tube after removing the 15-mm connector. Using a 
No. 11 scalpel blade pointed away from the broncho- 
scope, the old tube is cut away as it is withdrawn 
until it can be completely removed and the new ET tube 
inserted. Although the authors aecomplished this in 
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Figure 5. Endotracheal tube changing with the fiberoptic broncho- 
scope demonstrating one technique for changing an ET tube, in 
this case an oral tube, to a nasal tube. The new ET tube is placed 
into the posterior pharynx (a). The patient’s pharynx is vigorously 
suctioned, the current ET tube cuff is deflated, and the fiberoptic 
bronchoscope is passed into the new ET tube. The fiberoptic 
bronchoscope is advanced through the new ET tube and inserted 
into the trachea, outside the current oral ET tube, to the level of the 
midtrachea (b). After suctioning, the current oral tube is with- 
drawn (c) and the new ET tube is advanced using the broncho- 
scope as a stylet (d). (Reprinted with permission from RP Del- 
linger. Fiberoptic bronchoscopy in adult airway management. Crit 
Care Med, 18, 882-7, © by Williams & Wilkins, 1990.) 


20-30 s, we have found this a little more difficult and 
time-consuming but still a reasonable option in the 
difficult airway situation. As with all bronchoscope 
techniques, proper placement is instantly checked. Suc- 
tion is available through the bronchoscope, and the 
insufflation of oxygen through the side port makes any 
bronchoscope an instant “‘jet-stylet.” This technique 
may be difficult to use with a 7.0 ET tube unless a 
4.9mm OD or smaller bronchoscope of adequate 
length is available. We have found that the use of small 
pliable pediatric bronchoscopes for adult ET tube place- 
ment is fraught with difficulty and often results in 
damage to the bronchoscope. 

In addition to ET tube changes, safe tracheal extu- 
bation of the patient with upper airway burns or 
trauma or head and neck surgery may present a 
clinical dilemma. The presence of a leak when the cuff 
is deflated is an encouraging but not entirely predic- 
tive sign of airway patency after extubation. The 
absence of a leak in this situation is not a contraindi- 
cation to extubation but is another indicator that there 
may be little reserve in the caliber of the upper airway 
owing to the presence of edema. To maintain access 
to the airway and oxygenation if necessary, the 
jet-stylet catheter may be used for a trial of extubation 
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Figure 6. Endotracheal tube changing with the fiberoptic broncho- 
scope, demonstrating an alternative technique for changing an ET 
tube, in this case an oral tube, to a nasal ET tube. This technique 
differs in that, if the fiberoptic bronchoscope cannot be passed 
outside the existing ET tube, the fiberoptic bronchoscope is posi- 
tioned above the vocal cords (a) and the tube to be replaced is 
removed (b). The fiberoptic bronchoscope is then advanced into 
the trachea (c) and used as a stylet for advancement of the new ET 
tube (d). (Reprinted with permission from RP Dellinger. Fiberoptic 
bronchoscopy in adult airway management. Crit Care Med, 18, 
882-7, © by Williams & Wilkins, 1990.) 


(36). A rigid stylet such as the Eschmann introducer 
can maintain access to the airway but does not allow 
for suctioning or oxygen administration. The bron- 
choscope can also be used as an extubation stylet and 
possesses the added advantage of diagnostic capabil- 
ity (39) (Figure 7). When possible, any tracheal extu- 
bation of extreme risk should be performed in the 
operating room with personnel available who are 
capable of rapidly establishing a surgical airway. 


Laryngotracheal Complications of 
Endotracheal Intubation 


The laryngotracheal complications of prolonged intu- 
bation have been the subject of several recent reviews 
and will only be discussed briefly, especially with 
respect to some newer observations (4,24). 

Several points of the excellent review by Bishop et 
al. (24) require reemphasis. The laryngeal complica- 
tions of endotracheal intubation result from the pres- 
sure generated by the round ET tube at three loca- 
tions: the cricoid cartilage and the two vocal 
processes of the arytenoids. Injury at these sites is 
probably exacerbated by movement of the tube 
against the larynx during neck flexion and extension, 
inspiration, cough, and swallowing. The smaller lar- 
ynx of women appears to predispose them more to 
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Figure 7. Tracheal extubation facilitated by use of a fiberoptic 
bronchoscope. The fiberoptic bronchoscope is inserted through the 
ET tube until it is positioned just past the tip of the ET tube. The 
two are then withdrawn in tandem using the bronchoscope to 
inspect the airway during withdrawal. If findings compatible with 
upper airway obstruction are noted, the diagnosis is made and the 
tube is reinserted, using the bronchoscope as a stylet. If no 
evidence of upper airway obstruction is noted, then the two are 
withdrawn totally. (Reprinted with permission from RP Dellinger. 
Fiberoptic bronchoscopy in adult airway management. Crit Care 
Med, 18, 882-7, © by Williams & Wilkins, 1990.) 


laryngeal injury and subsequent stenosis. The ratio of 
ET tube outer diameter to larynx size may be the 
major factor contributing to injury in this case. Anes- 
thesiologists are well aware of acute postextubation 
problems such as edema at various sites within the 
larynx as well as laryngospasm and hoarseness. In- 
ability to protect the airway for some time after 
long-term intubation may also be a serious problem 
(41). Swallowing disorders arising after prolonged 
intubation may contribute to a situation in which all 
patients should be fed initially with extreme caution 
(42). Severe pain in the laryngeal area may suggest a 
retrocricoid abscess requiring drainage and antibiot- 
ics (4). Whereas persistent hoarseness and granuloma 
formation are serious sequelae of chronic intubation, 
laryngeal stenosis is perhaps the life-threatening 
complication that represents the most compelling 
reason to replace an ET tube with a tracheostomy. 
The review by Bishop et al. (24) cites a 0%-1% 
incidence of ET tube-related laryngeal stenosis, but 
the actual incidence is unknown because case reports 
may not include the entire scope of the susceptible 
population. Since that publication, new and contra- 
dictory data have become available. In a study often 
cited by colleagues in otorhinolaryngology, Whited 
(43) studied 200 patients who had their tracheas 
intubated for various lengths of time. Patients whose 
tracheas were intubated for 2-5 days had mild revers- 
ible posterior endolaryngeal edema. In a second 
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group whose tracheas were intubated for 6-10 days, 
there was a 5% incidence (5/100 patients) of chronic 
laryngeal stenosis, including four cases of extended 
complex stenosis. Of 50 patients whose tracheas were 
intubated for 11-24 days, there were six with chronic 
laryngeal stenosis, all of an extended complex nature. 
These six patients had each undergone tracheostomy 
after the period of intubation. Two were left with 
permanent tracheostomies, and the other four under- 
went lengthy and extensive reconstructions before 
decannulation could be accomplished. Unfortunately, 
patient gender and ET tube size were not noted in 
this study. In contrast, Colice and his colleagues (44) 
studied 54 male patients whose tracheas were intu- 
bated for longer than 4 days and noted that signifi- 
cant chronic laryngeal stenosis developed in none of 
the patients. This study reported that laryngeal dam- 
age, particularly swelling, was noted to develop after 
performance of tracheostomy but was not affected by 
the length of intubation or the ratio of ET tube to 
laryngeal size. This increase in laryngeal damage may 
be related to increased bacterial access after the 
performance of tracheostomy (45). An additional fac- 
tor may be the cessation in vocal cord movement, 
with subsequent scarring and stricture formation of 
the inflamed posterior larynx after ET tube removal 
(46). It is important to note that the patient popula- 
tion studied by Colice et al. in a Veterans Adminis- 

tration Hospital included no women and few young, 
previously healthy patients (44). Therefore, it is dif- 
ficult to reconcile these two conflicting studies and 
arrive at a clinically reasonable approach to minimiz- 
ing laryngeal injury (43,44). Although, experimen- 
tally, the area of mucosal ischemia has been shown to 
be related to ET tube size, there is no clinical evidence 
that the size of ET tubes in current clinical use has any 
impact on eventual laryngeal injury (47). Overall, the 
problem does not appear to be of the magnitude and 
frequency described by Whited (1,4,24). 

Tracheal injuries have been markedly reduced by 
the use of high-volume, low-pressure cuffs on both 
ET tubes and tracheostomy tubes (48,49). Much credit 
should be given to the pioneering work of Grillo and 
colleagues at the Massachusetts General Hospital 
(50). Tracheal dilation noticeable on chest radiograph 
is often the first sign of injury to the cartilaginous 
rings and appears to be the result of pressure necrosis 
at the cuff site (51). An enlarging cuff-to-tracheal 
diameter ratio that reaches or exceeds 150% may be 
predictive of eventual severe stenosis at the cuff site 
(52). The first step in management includes an at- 
tempt to provide adequate ventilation with the cuff 
inflated to pressures of 25 mm Hg or less. Cuff pres- 
sures should be measured throughout any prolonged 
period of ET intubation or use of a cuffed tracheostomy 
tube. Estimation of cuff pressure by finger palpation is 
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not adequate for this purpose (53). In addition to the 
possibility of inadequate ventilation because of cuff 
leak, an underinflated cuff may predispose to aspira- 
tion (54,55). Because protection against aspiration of 
gastric contents requires cuff pressures of at least 
20-25 cm H,O, quantitation of pressures is required to 
tread the fine line between mucosal ischemia (pressures 
greater than 30 mm Hg) and inadequate airway protec- 
tion (24). A ventilator-delivered inspiration will tran- 
siently increase cuff pressures to approximately the 
level of airway pressure, so that tracheal mucosal per- 
fusion may be limited to exhalation if these pressures 
are sufficiently high (47). In addition, spontaneous 
inspiration may transiently widen tracheal diameter 
leading to inadequate cuff seal (56). The conventional 
method of injecting air via a three-way stopcock may 
give a falsely low pressure reading but is probably 
adequate if performed consistently with the presently 
available cuffs (57). The success of the conventional 
high-volume, low-pressure cuffs in making serious 
cuff-related injuries a rarity has obviated the need for 
more complicated devices that have been designed to 
control cuff pressure (e.g., the Lanz-type cuff). 

As noted previously, tracheomalacia may be the 
first sign of tracheal damage. This is generally more 
of a problem as a precursor to an eventual site of: 
stenosis than as primary problem per se. However, 
continued widening of the trachea may occasionally 
result in marked difficulties in producing an adequate 
seal with the cuff. Various approaches to this problem 
include advancement of the tube to a different site in 
the trachea or replacement with a larger ET tube that 
occupies a greater part of the tracheal diameter and - 
usually results in a better cuff seal but may increase 
the risk of laryngeal damage. Other therapeutic pos- 
sibilities are use of an ET tube with the large, low- 
pressure foam-filled cuff introduced by Kamen and 
Wilkinson (Bivona Surgical, Hammond, Ind.), or 
tracheostomy using an armored tube that can be 
repositioned in the trachea with an adjustable collar 
on the flange of the tube (Rusch, Inc., New 
York, N.Y.) (58,59). Also, the need for a cuff may be 
obviated if the patient can be successfully ventilated 
at low pressures with some form of high-frequency 
ventilation. This may represent an alternative in 
institutions that have experience with this technique. 

some degree of tracheal stenosis at the cuff site is 
quite common; but severe, functionally limiting ste- 
nosis at this site is very uncommon in the present era 
of the low-pressure cuff. Diagnosis involves simple 
tracheal radiographs, fluoroscopy, and endoscopic 
examinations (60). In the study by Stauffer et al. (1), 
3 of 27 patients had stenosis at the cuff site. In all 
these patients, tracheal diameter was reduced less 
than 50%, a degree of narrowing likely to be asymp- 
tomatic. The normal adult tracheal diameter of 
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14-16 mm allows for a great reserve in the face of 
such stenosis. Another study reported a similar de- 
gree of cuff site stenosis (25%-30%) and incidence 
(2 of 19 patients) with intubation for longer than 24 h 
(61). Tracheal stenosis at the site of the tracheostomy 
stoma, on the other hand, appears to be more com- 
mon and more severe (1). 

As noted earlier, tracheoesophageal fistula may 
present as a cuff leak unresponsive to the usual 
therapeutic measures including ET tube replacement. 
This is a rare complication of ET intubation and is 
relatively more common after tracheostomy. Risk 
factors include high cuff and airway pressure, motion 
of the tube, length of intubation, nasogastric tube 
presence, and use of steroids (3). Tracheal necrosis 
associated with infection in the tracheoesophageal 
space may result in a massive fistula (62). In addition 
to cuff leak, these patients may manifest an increase 
in secretions as well as evidence of repeated aspira- 
tion. Diagnosis involves demonstration of the fistula 
via tracheoscopy and cine-esophagography (63). 
Therapy includes placement of the ET tube (or tra- 
cheostomy) with the cuff below the fistula if contin- 
ued ventilation is required, removal of NG tube(s), 
aggressive nutrition and treatment of infection, and 
discontinuing ventilation as soon as possible (64). 
High-frequency ventilation may be helpful if conven- 
tional ventilation is difficult or impossible (3). Surgery 
may be best delayed until ventilatory support is no 
longer required but may be needed earlier if the 
side-effects of the fistula cannot be controlled (63). 


Tracheostomy: Why, When, and If 


Although the vast majority of physicians in critical 
care areas maintain an internal clock with respect to 
the allowable duration of ET intubation before trache- 
otomy is “indicated,” medical justification for a de- 
fined time period is elusive. As identical high- 
volume, low-pressure cuffs are used on both devices, 
the debate weighs the laryngeal complications of ET 
intubation against the surgical and stoma-related 
complications of tracheotomy. (Note that’ tracheot- 
omy, the operation, derives from the Greek work for 
“incision,” whereas tracheostomy derives from the 
word for “mouth” and may refer to the opening in 
the trachea or the formation of the opening.) As 
previously noted, the problem of laryngeal injury is 
not solved by, and may be exacerbated by, the 
performance of tracheotomy after the usually ac- 
cepted 7—21-day period of intubation (44). This may 
arise from the fact that laryngeal injury peaks in 
severity before day 7, and very early tracheostomy 
insertion would be required to avoid the possible 
injury (65). Studies that attempt to predict the need 
for long-term intubation may, in fact, be overlooking 
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this earlier critical period for the development of 
trauma to the larynx (66). 

The lack of a clear-cut medical advantage to trache- 
ostomy does not mean that the procedure should not 
be performed for long-term ventilatory care (Table 3). 
Limitations on critical care resources result in a re- 
quirement for maintenance of stable ventilated pa- 
tients outside of the intensive care unit, so that more 
critically ill patients can be admitted and cared for. 
The tracheotomized patient with a well-formed tract 
or other method to maintain the early stomal tract 
(e.g., Bjork flap or sutures attached to the trachea) is 
more safely cared for in the standard nursing unit 
than is an intubated patient because the displaced 
tracheostomy tube can be replaced by personnel 
unskilled in airway management (67). Patients who 
may require periods of ventilation interspersed with 
reasonably long times off the ventilator (e.g., patients 
with myasthenia gravis) can benefit from the mainte- 
nance of a tracheal stoma with various button de- 
vices, uncuffed tubes, or fenestrated tubes (68). Fi- 
nally, there may be distinct subsets of patients, such 
as diabetic females, who do have an inordinately high 
risk for ET tube-related laryngeal injury and who 
should be considered for early tracheostomy place- 
ment (69). 

It is becoming increasingly evident that in the 
general population, a specified “safe’’ period of 
1-3 wk of tracheal intubation before the required 
performance of a tracheostomy is not well substanti- 
ated (70). A patient who does not receive a trache- 
ostomy during the first week of intubation may 
subsequently undergo cannulation for reasons spe- 
cific to that patient’s situation rather than because a 
specific time period has elapsed. The added cost of 
inserting a tracheostomy ($2000-$3000 dollars at the 
Mayo Clinic in 1988) will become a more important 
factor-in the decision-making process (71). 

The risk of the actual operative procedure appears 
to be acceptably low in adults, with one group 
reporting no perioperative mortality or major morbid- 
ity in 81 patients (72). Other studies have reported 
some degree of perioperative morbidity (1,67). There 
are several potential disadvantages to the presence of 
a tracheostomy. It has been reported that pulmonary 
aspiration is a greater problem with tracheostomy 
than with ET intubation (73). A higher incidence of 
respiratory infection in the tracheostomized patient 
may be due to aspiration or to a higher incidence of 
tracheobronchial colonization (74). This fear of pneu- 
monia has particularly discouraged the placement of 
a tracheostomy tube in burn patients, although these 
patients may actually fare no worse than others in 
this regard (75). Some clinicians are reluctant to place 
a tracheostomy tube in patients after surgical proce- 
dures that may have interrupted tissue planes (e.g., 
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Table 3. Tracheostomy Versus Tracheal Intubation 
Tracheostomy 


Advantages 


Patient can be nursed outside of ICU 
Ease of suctioning? 

Patient comfort? 

Complications at cuff site 

Stomal complications 


Disadvantages 


Possible contribution to ultimate laryngeal injury 
Tracheo-innominate artery fistula formation 


Possible increase in pulmonary infections 


Ease of replacement (once tract has formed) 
Speech, mobility, and swallowing enhanced 
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Intubation 


Rapid insertion by skilled consultant in most settings 
Lack of need for surgical procedure (risk, expense) 
Lack of stomal complications 


Complications at cuff site 

Laryngeal complications 

Replacement requires skill at all times 
Generally requires ICU level supervision 
Injuries at nose or mouth 


Access to mediastinum by infectious agents after 


local surgery 


High mortality for inadvertent decannulation 


before tract formation 


ICU, intensive care unit. 


cardiac surgery) and that theoretically facilitate entry 
of colonizing pathogens into the mediastinum. 

Tracheo-innominate artery fistula is an important 
but uncommon complication that seems to be limited 
to tracheostomized patients, probably because of the 
stiffer tube tip. The classic presentation involves 
tracheal bleeding and pulsation of the tracheostomy 
tube usually noted more than 24 h after placement of 
the tube. Diagnosis should be aggressively ap- 
proached with endoscopy, arteriography, or even 
wound exploration. Emergency management in- 
cludes further inflation of the tracheostomy balloon 
and, if necessary, digital compression of the artery 
via an incision in the suprasternal notch until defin- 
itive surgery can be performed. Although a low 
tracheostomy site may be to blame, the problem may 
occur with properly placed tubes when the artery is 
abnormally located (76). 

Finally, the patient who is hemodynamically un- 
stable, requires high levels of positive end-expiratory 
pressure, or who is receiving any of the currently 
popular unconventional modes of ventilation associ- 
ated with high mean airway pressures (e.g., pressure 
control ventilation with inverse inspiratory-to- 
expiratory ratio) should probably not be transported 
to an operating room for tracheostomy because it is 
difficult to maintain the required level of constant 
support. In fact, there is probably little reason to 
perform tracheostomy on these high-risk patients 
unless their condition improves. Tracheostomy for 
long-term airway management is an elective proce- 
dure under most circumstances. Exceptions would 
include patients in whom the ET tube must be ur- 
gently replaced but in whom reintubation is judged 
unacceptably hazardous. One alternative involves 
tracheostomy in the ICU with carefully selected pa- 
tients. Although some surgeons perform elective 
tracheotomy in the ICU, others prefer to utilize the 


operating room because of greater resources for deal- 
ing with such rare complications as massive hemor- 
rhage or loss of the airway. Finally, newer approaches 
to airway management such as CPAP by mask com- 
bined with minitracheostomy may eventually replace 
our current techniques (77). It should be reemphasized 
that the decision to replace an ET tube with a tracheo- 
stomy is a difficult one and must be individualized . 
based on the available facts and medical judgment 
rather than on an arbitrary time limit (78). 


Care of the Patient With a Tracheostomy 


Without direct participation in intensive care medi- 
cine, the anesthesiologist may have minimal contact 
with patients after tracheostomy is performed. Im- 
portant complications associated with the procedure 
itself include bleeding, loss of the airway, pneumo- 
thorax, and tension pneumomediastinum. In the 
operating room, it is essential that the ET tube not be 
removed from the larynx until intratracheal place- 
ment of the tracheostomy tube is certain. The tube 
may enter tissue planes lateral or anterior to the 
trachea or perforate the back wall of the trachea to 
enter the esophagus. The tube may also be dislodged 
after initial placement: This is more likely with un- 
cuffed tubes. Tracheostomy tube changes required in 
the week after surgery should be performed with the 
knowledge that a tracheocutaneous tract may not yet 
be reliably formed, and that removal of the tube can 
result in loss of the airway. It is best to change the 
tube over a tube exchanger with equipment for ET 
intubation immediately available. The search for the 
trachea after inadvertent decannulation may be facil- 
itated with the use of a laryngoscope with a small 
straight blade (e.g., Miller 1). If necessary, oral intu- 
bation should be used to reestablish the airway 


_ (unless a tracheostomy was performed because oral 
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intubation was not possible.) Decannulation before 
tract formation has up to a 25% mortality and can be 
lessened by the aforementioned use of a “U’’-shaped 
Bjork flap or externally placed sutures attached to the 
trachea (67). 

The problems of speech and weaning (including 
stomal maintenance) are addressed in more detail in 
a recent review (68). Special tubes or buttons used in 
the subacute or chronic care setting are best replaced 
with conventionally cuffed tracheostomy or wire- 
reinforced ET tubes in the operating room to provide 
anesthetic care. Special extra-long tracheostomy 
tubes for anatomically variant patients are also avail- 
able (Portex, Inc., Wilmington, Mass.; Shiley, Inc., 
Irvine, Calif.). Details of the everyday practical care of 
the tracheostomized patient are well covered in bro- 
chures available from tube manufacturers. These 
problems include the need for humidity, suctioning, 
wound care, and maintenance of a fully patent air- 
way, usually by frequent (every 3-4 h) cleansing of 
the inner cannula. 


Conclusion 


The anesthesiologist’s practice of airway manage- 
ment is not confined to the operating room but 
extends to the consultant care of the airway in other 
settings. Many individuals use a variety of ap- 
proaches to these problems and there is likely to be a 
great wealth of clinical information and “pearls” that 
are not published in the literature. In this review, 
however, we have attempted to bring together a 
diversity of published material in addition to our own 
clinical experience to synthesize an approach to these 
problems that are not well addressed in currently 
available sources. 


We thank Dr. Thomas J. Gal for his critical editorial assistance and 
Robert Bland, Rhonda Taylor, and Kim Jenner for assistance in 
preparation of the manuscript. 
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pressant that has contributed significantly to 

organ survival after transplantation surgery 
(1). Several studies have established a relationship 
between blood CsA levels necessary to minimize 
postsurgical organ rejection and higher levels that are 
associated with nephrotoxicity (2-7). 

The blood levels of many different categories of 
drugs change during cardiopulmonary bypass and 
the postbypass period (8-11). We report a case of a 
renal transplant patient receiving continuous CsA 
therapy who underwent coronary artery bypass 
grafting during which CsA levels were measured. 


("present A (CsA) is a potent immunosup- 


Case Report 


A 54-yr-old, 75-kg man was admitted with a recent 
history of unstable angina and was scheduled to 
undergo coronary artery bypass grafting. His past 
medical history was significant for polycystic kidney 
disease for which he received a renal allograft trans- 
plant in 1985. His medications included CsA 
(400 mg), which he had been taking since his trans- 
plant, as well as propranolol (20 mg every 6 h), 
ranitidine (150 mg bid), prednisone (10 mg every 
day), nifedipine XL (60 mg every day), and aspirin, 
all given orally. The preoperative blood urea nitrogen 
was 29 mg% and the creatinine was 1.8 mg%. Upon 
arrival in the operating room, standard monitoring 
was begun which included radial artery and pulmo- 
nary artery catheters. An anesthetic consisting of suf- 
entanil (15 ug/kg), vecuronium (20 mg), and midazolam 
(5 mg) was administered intravenously. 

The operation proceeded with the placement of 
three saphenous venous grafts and one left internal 
mammary . The aortic cross-clamp time was 
70 min, and the total cardiopulmonary bypass time was 
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160 min. Separation from cardiopulmonary bypass was 
facilitated with intravenous infusions of nitroglycerine 
(50 wg/min) and dobutamine (5.0 wg-kg~*-min™’). The 
tc of the procedure was uneventful. 

The cardiopulmonary bypass circuit was composed 
of an M2000 Shiley membrane oxygenator with polyvi- 
nylchloride circuit tubing (Baxter Laboratories). The 
pump prime consisted of 500 mL of 20% mannitol, 
500 mL of 5% albumin, 100 mL of 25% albumin, 
100 mEq of NaHCO,, 10,000 U of heparin, and 1000 mL 
of Plasmalyte. No hemoconcentrator was used. l 

Plasma CsA levels at 3, 2, and 1 day before 
surgery, while receiving an oral CsA dose of 400 mg 
daily, were 54, 109, and 42 ng/mL, respectively. The 
preoperative hematocrit was 38%. On the day before 
surgery, CsA (100 mg IV x 2) was given with a 12-h 
interval between doses. The second intravenous CsA 
dose was administered 4 h before surgery. 

In the operating room, CsA samples were drawn 
at 2 h and at 30 min prebypass with a core tempera- 
ture of 36°C and a hematocrit of 36.5%. Cyclosporin A 
samples were drawn at 3, 30, and 60 min while on 
bypass, with corresponding patient temperatures of 
36, 28, and 28°C and hematocrit levels of 28%, 24%, 
and 22%, respectively. Postbypass CsA samples were 
drawn at 3 and 60 min with a core temperature of 
37°C. A hematocrit of 23% was obtained immediately 
after bypass and the patient received 2 U of packed 
red blood cells in the operating room. A hematocrit of 
34% was obtained 3 h postoperatively. 

Cyclosporin A therapy was reinstituted 2 h post- 
operatively as 100 mg IV, every 12 h for 3 days. This 
was changed to an oral dose of 400 mg daily on the 
fourth postoperative day. Plasma CsA levels drawn 
on the fourth, fifth, and sixth postoperative days 
were 201, 20, and 27 ng/mL, respectively. 

Each CsA sample consisted of 3 mL taken from the 
radial artery catheter and was immediately refriger- 
ated at 4°C before assay. Eight hours after the last 
intraoperative sample was drawn, all of the samples 
were immersed in a water bath at 37°C for 30 min, 
centrifuged at 37°C, and the plasma assayed. The 
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Figure 1. Correlation between blood concentration of cyclosporin 
A (CsA) and various times during the pericardiopulmonary bypass 
(CPB) period. 


determination of free CsA plasma levels at our insti- 
tution utilizes a radioimmunoassay of a specific 
monoclonal antibody (The Sandoz Sandimmune Kit, 
INCSTAR Corporation, Stillwater, Minn.). The ther- 
apeutic range of CsA in plasma is considered to be 
150-250 ng/mL (12), with the accuracy of this kit 
stated as a coefficient of variation of 5% at 23 ng/mL 
and 2.4% at 229 ng/mL. 


Discussion 


Monitoring of serial CsA levels is probably important 
in the management of posttransplant patients to 
assure adequate drug dosage and to minimize toxicity 
(6), particularly the nephrotoxicity associated with 
higher levels. Cyclosporin A is a hydrophobic cyclic 
peptide composed of 11 amino acids (6). It has a 
variable absorption after oral administration (10%- 
70%) and takes from 1 to 3 h to develop peak blood 
concentrations. It is highly protein-bound with from 
50% to 60% contained within erythrocytes, and its 
excretion is predominantly via hepatic metabolism. 
Less than 6% is excreted unchanged in the urine, and 
the elimination half-life is approximately 12 h (13). 

The multiple determinations of CsA levels in this 
patient demonstrated that drug levels fell quickly and 
substantially with the beginning of cardiopulmonary 
bypass and remained subtherapeutic 1 h after discon- 
tinuation from bypass (Figure 1). 

Other categories of drugs have demonstrated sig- 
nificant blood concentration changes during and after 
cardiopulmonary bypass. Propranolol levels decrease 
markedly after initiation of cardiopulmonary bypass 
and rebound to approximately half of the prebypass 
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levels upon discontinuation of bypass (9). Hemodilu- 
tion was cited as the major factor in this effect with 
contributions of altered protein binding and a 
changed volume of distribution. Cefazolin levels de- 
crease with initiation of bypass and, after discontin- 
uation of bypass, rebound to levels higher than 
prebypass (11). Pancuronium infusion requirements 
necessary to maintain a specific degree of neuromus- 
cular blockade increase above control levels with the 
beginning of bypass, decrease during bypass, and 
increase above control during rewarming (10). 

Numerous factors can significantly alter the nor- 
mal pharmacokinetics of a drug during cardiopulmo- 
nary bypass. These include dilution of red blood cells 
and plasma proteins from the pump priming volume, 
altered hepatic or renal excretion secondary to 
changes in organ perfusion and hypothermia, and 
binding to the membrane oxygenator or bypass cir- 
cuit material. 

The large and rapid decrease of CsA levels de- 
tected immediately on initiation of bypass was most 
likely due to the hemodilution from the pump prime 
volume, with corresponding measured hematocrits 
decreasing from 38% to 28% and eventually to 22%. 
Other factors, however, mav contribute to a decrease 
of CsA levels. CsA binds significantly to an in- 
traerythrocyte protein. The transfusion of red blood 
cells perioperatively would theoretically decrease 
CsA levels as unbound drug equilibrates with new 
red cells. Additionally, a shift of CsA into eryth- 
rocytes with decreasing temperatures has been 
described (14). Finally, binding to parts of the 
membrane oxygenator or pump tubing cannot be 
excluded. 

Many studies have commented on the marked 
degree of individual variability of oral absorption, 
metabolism, and steady-state CsA levels in nonsur- 
gical patients, but none have addressed the periop- 
erative period (if there are changes in CsA levels and 
if these correlate with organ survival). 

Our patient received his renal transplant more 
than 5 yr previously, and as the necessity to adhere 
strictly to a particular CsA level appears to be depen- 
dent on the time elapsed since transplantation (15), 
the considerations of a decrease in CsA levels during 
and after cardiopulmonary bypass are most likely not 
clinically significant in this case. However, although 
we present results of one patient only, we suggest 
that, for patients who have received a recent renal 
transplant and require cardiac surgery and who are in 
a period where a marked decrease in CsA levels could 
adversely affect organ survival, a CsA determination 
be done early after cardiopulmonary bypass to facil- 
itate the reestablishment of therapeutic levels. 
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ik interpleural block (IPB) is used for a variety 
of surgical procedures, postsurgical pain, and 
other painful conditions (1-11). Common com- 
plications resulting from IPB analgesia are Horner's 
syndrome, phrenic nerve paralysis, and pneumotho- 
rax (2-11). A case of unilateral bronchospasm after 
IPB is presented. 


Case Report 


A 38-yr-old nonasthmatic female patient with a tennis 
ball-sized hepatoma on the right lobe was treated by 
injecting alcohol into the tumor mass. The first injec- 
tion of alcohol under local anesthetic was extremely 
painful; therefore, subsequent procedures were per- 
formed using IPB with the patient in the left lateral 
decubitus position. The interpleural catheter was 
introduced at the T-7 intercostal space, 6 cm lateral to 
the midline. The patient was turned on her back with 
a 10° reverse Trendelenburg position. Thirty millili- 
ters of bupivacaine (0.25%) with 1:200,000 epineph- 
rine was slowly injected through the catheter. A 
second dose of 15 mL was given 30 min after the first 
injection. The patient had analgesia from the T-4 to 
the T-12 area on the right side with stable vital signs. 
Under radiographic monitoring, 100 mL of alcohol 
was injected into the tumor and the interpleural 
catheter was removed without pain. Fluoroscopy 
showed elevated right hemidiaphragm with no pneu- 
mothorax. 

While in the postanesthesia care unit, approxi- 
mately 30 min after the procedure (90 min after the 
injection of local anesthetic), the patient became 
anxious, expressed difficulty in breathing, and was 
tachypneic with respiratory rate of 32 breaths/min. 
Although the patient was receiving nasal oxygen, 
oxygen saturation decreased from 97% to 92%. Aus- 
cultation of the chest showed severe inspiratory and 
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expiratory wheezing and rhonchi throughout the 
right lung. The left lung had normal breath sounds. 
The chest radiograph showed no pneumothorax. 

The patient was monitored for 2 h without admin- 
istration of bronchodilators. The right-lung broncho- 
spasm gradually disappeared with sensory and mo- 
tor recovery. Oxygen saturation returned to 97%, and 
the patient experienced no more difficulty in breath- 
ing. 


Discussion 


The IPB is usually a safe procedure and provides 
good analgesia. The danger of pneumothorax is rare 
in experienced hands (5,6). In a series of more than 30 
IPBs, there has been no incidence of pneumothorax 
(9-11). Accidental lung damage by introducer needle 
or by intrapulmonary placement of interpleural cath- 
eter in patients with pleural thickening (fibrosis) or 
with any condition associated with lungs adhering to 
the chest wall is also possible. Complications such as 
hemothorax, pleural effusion, infection, pleural 
shock, cardiac and central nervous system toxicity, 
and allergic reaction should also be kept in mind. 
Horner's syndrome and phrenic nerve paralysis are 
not uncommon (2-4,7-11). 

There are many reports of bronchospasm after 
interscalene brachial plexus blocks (12-14), spinal and 
general anesthesia (15,16), intercostal phenol nerve 
blocks (17), kidney transplantation (18), and prosta- 
glandin injection used to stop uterine bleeding under 
general anesthesia (19). There are no reports of uni- 
lateral or bilateral bronchospasm after IPB. Under- 
standing the nerve supply to the lungs, their relation 
to the parietal pleural reflection, and the role of 
various bronchodilators, constrictors, receptors, and 
mediators may shed light on the possible mechanism 
of this rare complication. Vagal and sympathetic 
fibers in the anterior and posterior pulmonary nerve 
plexuses around the hilum supply the tracheobron- 
chial tree and the lungs. The vagal branches contain 
preganglionic parasympathetic bronchoconstrictor ef- 
ferent fibers from dorsal vagal nucleus and visceral 
sensory afferent fibers from inferior vagal (nodose) 
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Figure 1. Cross section of the thoracic cavity showing the interpleural space, hilum of the lungs, pericardial sac, and various nerve 
structures related to the pleural and pericardial cavity. The sympathetic chain, its postganglionic fibers, and the anterior and the posterior 
pulmonary plexuses are closely related to the parietal pleura and the paravertebral and mediastinal pleural cavities. The local anesthetics 


in the pleural cavity (arrows) can be easily conducted through the pa 


(arrows), contributing to bronchospasm. 


ganglia. Sympathetic fibers contain postganglionic 
bronchodilators and visceral afferent fibers arising 
from T2-5 segments (sometimes T-1, T-6, and T-7). 
The mediastinal pleural cavity meets at the hilum of 
the lung and pulmonary ligament and comes in direct 
contact with the pulmonary plexuses (Figure 1). 
Any technique that interrupts the sympathetic 
outflow sparing the parasympathetic outflow to the 
lungs can initiate or aggravate an asthmatic attack 


(20). 


1. Unilateral bronchospasm could be due to (a) block- 
ade of the sympathetic supply to the lung by 
blocking the sympathetic chain and its ganglion 
supplying the lungs (Figure 1); (b) blockade of the 
postganglionic fibers from the sympathetic gan- 
glion to the pulmonary plexus; and (c) gradual 
migration of local anesthetic to the mediastinal 
pleural cavity around the hilum and the pulmo- 
nary ligament and blockade of the pulmonary 
plexus (Figure 1, arrows). The posterior pulmo- 
nary plexus, rich in sympathetic fibers, is more 
accessible for local anesthetic spread from the 
paravertebral space (Figure 1). 


rietal pleura and block the sympathetic nerve fibers at various locations 


2. Stimulation of the superficial airway receptors 


(mediated by vagus) in the tracheobronchial tree 
by a divergent group of stimuli such as inhalation 
of cold air (20), sulfur dioxide gas (21), or chemi- 
cally inert dust (22), rapid respiratory movements 
(23), and emotional and psychological factors (24) 
can result in bronchospasm. These processes can 
be abolished in animals by cutting the vagus (25) 
or by administration of atropine (26) or can be 
induced by neostigmine, acetylcholine, histamine, 
and serotonin (13). The water droplets from the 
humidifier, cold oxygen from the wall supply, and 
rapid breathing due to diaphragmatic paralysis 
could stimulate the receptors supplied by the 
vagal fibers; and the associated sympathetic block- 
ade by IPB probably facilitated the development of 
bronchospasm (20). 


. There is a possibility of bronchospasm initiated by 


necrosed tumor tissue, local anesthetics, hista- 
mine, serotonin and acetylcholine release after the 
block, and injected alcohol permeating through 
the liver and the diaphragm. Unilateral broncho- 
spasm rules out any such possibility. 
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4. Existence of direct sympathetic nerve supply to 
the bronchial smooth muscle is questionable 
(27,28). However, the histochemical fluorescent 
technique has shown an extensive network of 
catecholamine-containing nerves throughout the 
tracheobronchial tree (29). It is not understood 
how these nerves exert their influence on the 
bronchial smooth muscles, whether through the 
circulating catecholamines or directly (30). The 
sympathetics to the adrenal gland is derived from 
T10-L1. The epinephrine output from the right- 
side adrenal gland may have been reduced owing 
to splanchnic sympathetics blockade. A decrease 
in circulating epinephrine (31), associated with 
blockade of the sympathetic supply to the lungs 
and with stimulation of airway receptors, could 
have resulted in unilateral bronchospasm. 


The integrity of normal airway is a balance be- 
tween f-adrenergic bronchodilatation and the vagal 
parasympathetic and asympathetic bronchial con- 
striction. Unilateral bronchospasm can be missed 
owing to its delayed onset and paucity of symptoms. 
The administration of atropine and other vagolytic 
agents may be considered before IPB. Simultaneous 
bilateral IPB may be avoided in patients with severe 
chronic obstructive pulmonary disease and asthma 
and in those on f-adrenergic blockers. An IPB in 
these patients could result in bilateral diaphragmatic 
paralysis, with added bronchospasm precipitating a 
respiratory emergency. 


I thank Dr. Dav T. Shantha, Victoria Kay T. Shantha, The Medical 
Center anesthesia associates, and Southeastern Pain Institute at 
Georgia Baptist Medical Center for their help in the preparation of 
this manuscript. 
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Bilateral Analgesia and Unilateral Paresis After Lumbar 


Epidural Blockade 


Vito A. Peduto, MD, Riccardo Tani, MD, Luciana Marinelli, MD, and Sergio Pani, MD 
Institute of Anesthesia and Intensive Care, University of Cagliari School of Medicine, Cagliari, Italy 


epidural blockade is the presence of a con- 

nective tissue band that binds dura mater 
and flaval ligament at the dorsal midline (“plica 
mediana dorsalis”) and divides the epidural space 
into a ventral and two dorsolateral compartments 
(1-8). We have observed, and here describe, a bilat- 
eral analgesia associated with right unilateral motor 
and sympathetic block after lumbar epidural anesthe- 
sia. An epidurographic examination at the end of the 
operation showed a unilateral distribution of the dye, 
which was confined to the right side of the lumbar 
space. Formerly in the same patient, an attempt of 
lumbar epidural blockade resulted in a right unilat- 
eral sensory and motor block. 


© ne of the most intriguing causes of unilateral 


Case Report 


A 37-yr-old woman weighing 69 kg required anal 
sphincteroplasty as she suffered from incontinence 
after a fistulectomy performed 3 mo earlier. She was 
healthy and there was neither history of previous 
surgery of the lumbar spinal area nor history of 
meningitis. The only remarkable medical event was a 
unsuccessful epidural anesthesia for the ligature of 
the left leg saphenous vein. Epidural blockade was 
performed with a 17-gauge Tuohy needle inserted in 
the midline, with the patient in the sitting position. 
Administration of 12 mL of 0.50% bupivacaine with 
epinephrine 1:200,000 resulted in a right-sided sen- 
sory and motor block. Thus, the surgical procedure 
was carried out under general anesthesia. 

Shortly before the anesthetic procedure, 0.5 mg of 
atropine and 5 mg of morphine were given intramus- 
cularly as premedication. The patient was taken to 
the operating room. An intravenous infusion was 
started, and monitoring devices were applied. Con- 
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tinuous lumbar epidural blockade was chosen in view 
of the probable duration of the proposed surgical 
procedure. With the patient in the sitting position, a 
midline approach was used and a 17-gauge Tuohy 
needle was inserted at the third lumbar vertebral 
interspace. The epidural space was easily identified at 
3 cm from the skin by the loss of resistance to air 
technique. Ten minutes after a 3-mL test dose of 
0.50% bupivacaine with epinephrine 1:200,000, a 
12-mL bolus dose of the same local anesthetic solu- 
tion was injected. A 0.9-mm catheter was then in- 
serted 2 cm in a cephalad direction, and an additional 
5 mL of 0.50% bupivacaine with epinephrine was 
administered through the catheter. After the needle 
was removed, the patient was placed in the supine 
position. A complete bilateral loss of pinprick sensa- 
tion developed up to the T-10 dermatome in approx- 
imately 15 min. On the contrary, the patient com- 
plained of weakness only in the right leg, and 
objective motor block, according to Bromage’s scale 
(9), was totally absent in the left leg. Moreover, the 
skin of the right foot appeared warmer than that of 
the left foot, and the patient herself referred to a 
subjective feeling of warmth in the right limb. Unfor- 
tunately it was not possible to perform any specific 
test to assess the degree and extent of the sympa- 
thetic block. 

During the 95 min of uneventful surgical proce- 
dure, no further injection was made. At the end of 
the operation, after informed consent was obtained 
from the patient, 8 mL of iopamidol (200 mg/mL) was 
injected through the epidural catheter, and an epi- 
durography was taken. The anteroposterior view of 
the spine showed a unilateral distribution of the dye, 
which was confined exclusively to the right side of 
the lumbar epidural space (Figure 1). The patient was 
then placed in the left lateral position for 5 min, but 
no change was observed after this as the dye did not 
fill the left side of the epidural space. At this time 
unilateral paresis and sympathetic block, together 
with radiologic imaging, strongly suggested the pres- 
ence of the plica mediana dorsalis. In addition, this 
midline tissue membrane barrier explained the right- 
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Figure 1. Epidurography (anteroposterior view) obtained after 
administration of 8 mL of iopamidol through the epidural catheter. 
Contrast medium has spread exclusively to the right side of the 
lumbar epidural space. The epidural catheter is not evident owing 
to its lack of radiopacity. In addition, after the contrast medium 
had been injected, the catheter was washed with saline to avoid 
possible occlusion. 


sided sensory and motor block after the previous 
lumbar epidural anesthesia and that here described, 
but this was apparently incompatible with the 
present, well-checked bilateral analgesia. 

Intramuscular morphine provided suitable analge- 
sia for the postoperative period. The patient was 
discharged on the sixth postoperative day without 
complication. 


Discussion 


The occurrence of unilateral sensory and motor block 
during epidural anesthesia is rather common (6,7,10- 
14) but bilateral analgesia combined with unilateral 
paresis and sympathetic block is not. In the case 
described, the epidurographic evidence of right uni- 
lateral spread of the contrast medium accounts for the 
right sensory, motor, and sympathetic block. How- 
ever, it does not explain the development of a left- 
sided sensory block. We may hypothesize that the 
local anesthetic solution might have diffused within 
the spinal white matter, reaching by this way the 
sensory fibers coming from the left side. In fact, the 
great majority of the sensory fibers that enter the 
spinal cord via the dorsal horn decussate before 
ascending to the brain, running somewhat on the 
surface of the anterolateral white matter (15). Both 
the injection of the whole volume of bupivacaine 
(20 mL) into the right dorsolateral compartment and 
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the impossibility of contralateral dispersion might 
have facilitated spinal uptake. Spinal cord effects of 
epidural blockade have been proposed by Bromage 
(16) following his observations of changes in lower 
limb reflexes associated with thoracic epidural block- 
ade. This is also supported by autoradiographic stud- 
ies: a specific uptake of radioactively labeled epidural 
local anesthetics by the neuraxis (17) in concentra- 
tions sufficient to block nerve conduction (18,19) has 
been observed. 

Cohen (19) found substantial differences in the 
concentration of intrathecally administered local an- 
esthetic in different parts of the spinal cord of the 
dog, with about twice as much drug present in the 
dorsal and lateral columns as compared with that 
found in the anterior columns. Thus, it seems reason- 
able to assume that, in turn, the observed unilateral 
sympathetic block could have also been caused to 
some extent by diffusion of the local anesthetic within 
the peripheral part of the spinal dorsolateral col- 
umns. Indeed, the descending excitatory sympathetic 
fibers run somewhat on the surface of the dorsolat- 
eral funiculus. 

Because the axons of the corticospinal tract run 
somewhat deeply in the lumbar spinal cord, it is quite 
unlikely that unilateral paresis could have been 
caused by diffusion of the local anesthetic within the 
anterior columns. 

One can object that the spread of radiopaque dye 
does not necessarily mirror that of a local anesthetic 
solution, so a small volume of the injected bupiv- 
acaine might have escaped to the left dorsolateral 
compartment leading to ipsilateral analgesia. Never- 
theless, in that case an incomplete or “patchy” epi- 
dural block would have developed instead of a loss of 
pinprick sensation from the T-10 to the S-5 der- 
matome. 

The history of a previous right unilateral sensory 
and motor block, together with radiologic imaging of 
wide extension and completeness of the median fold, 
strongly suggests a congenital rather than acquired 
genesis of the midline adhesions. We believe that the 
unilateral analgesia and paresis after the first lumbar 
epidural anesthesia could be due to the deviation of 
the Tuohy needle tip to the right side of the epidural 
space. Nevertheless, one could ask why in that 
circumstance a contralateral sensory block did not 
develop? As only 12 mL of 0.50% bupivacaine with 
epinephrine was injected, we may hypothesize that 
this dose is inadequate to produce intraspinal sensory 
block. Also, in some reported cases of hemianalgesia 
caused by congenital or acquired midline adhesions, 
the injected dose of local anesthetics was probably 
insufficient for intraspinal block of contralateral sen- 
sory fibers. However, we cannot deny that our pa- 
tient may have some anatomic peculiarity. 


296 


CASE REPORTS 


In summary, we present a case of bilateral analge- 


sia and unilateral motor and sympathetic block after 
lumbar epidural anesthesia in which the presence of 
a dorsal midline band’ was confirmed radiologically. 
Formerly, the same patient had undergone lumbar 
epidural blockade, and a unilateral analgesia and 
paresis had developed. Discussion involves the pos- 
sible mechanisms by which these findings might 
have taken place. 
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Management of Epidural Anesthesia in a Patient 


With Takayasu’s Disease 


Robert S. F. McKay, MD, and Sandy R. Dillard, MD 


University of Kansas, School of Medicine, Wichita, Kansas 


akayasu’s disease is a chronic inflammatory 

arteriopathy of uncertain origin (1). It results in 

progressive obliteration of the lumina of the 
aorta, its branches, and/or the pulmonary artery. 
Several authors have cautioned against the use of 
regional anesthesia in Takayasu’s disease because of 
the dangers of hypotension and subsequent vaso- 
pressor use (2,3), or they have failed to detail its use 
in the obstetric patient (4,5). Yet severe life- 
threatening complications of Takayasu’s disease 
(e.g., exacerbation of hypertension, cardiac failure, or 
cerebral hemorrhage) may occur during labor and 
delivery (5) and may perhaps be best avoided 
through the use of epidural blockade. We present a 
severe case of Takayasu’s disease during pregnancy 
with successful delivery and postpartum tubal liga- 
tion with epidural anesthesia. 


Case Report 


A 20-yr-old gravida 2, para 1, Hispanic woman with 
Takayasu’s disease was admitted at 40-wk gestation 
for elective induction of labor to be followed by 
postpartum tubal ligation. She had previously under- 
gone an uneventful delivery at age 16 yr, but 2 yr 
later, she suffered a left-sided cerebrovascular acci- 
dent with resultant right hemiplegia and an expres- 
sive aphasia. 

A full cardiovascular evaluation was conducted. 
Echocardiogram revealed trace tricuspid, mitral, and 
aortic insufficiency with a 49% ejection fraction. Ca- 
rotid Doppler studies showed no blood flow in the 
right carotid artery and severe flow limitation in the 
left artery. These findings were verified by an arch 
arteriogram that demonstrated total right carotid ar- 
tery occlusion, subtotal left carotid artery occlusion, 
and total right brachiocephalic artery occlusion. A 
chest radiogram was unremarkable. 
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Physical examination on admission revealed the 
following: blood pressure, 85/60 mm Hg in the left 
arm and 140/80 mm Hg in the left thigh; heart rate, 
86 beats/min with an absent right carotid pulse, a 
1+/4+ left carotid pulse with a 2+/4+ bruit, an absent 
right radial pulse, a 1+/4+ left radial pulse, 2+/4+ 
femoral pulses bilaterally, and 1+/4+ dorsalis pedis 
pulses bilaterally. Fundi were benign; respirations 
were 19 breaths/min; the lungs were clear by auscul- 
tation; heart sounds were regular with a 2+/4+ 
systolic ejection murmur at the lower left sternal 
border; and the extremities showed no edema but 
were remarkable for well-healed severe burns on the 
left leg (a result of spilled grease during late preg- 
nancy and yet a cause of virtually no distress to the 
patient at the time of the accident). 

The patient was alert and cooperative, appeared to 
understand her condition (via interpreter), but had a 
very flat affect. In addition to poor sensory function, 
she had no motor strength, exaggerated reflexes, 
clonus, and a positive Babinski sign on her right side. 
Left-sided findings were normal. Pelvic examination 
revealed cervical dilation of 2 cm and a vertex pre- 
sentation with occiput posterior. 

A peripheral intravenous infusion was begun fol- 
lowed by placement of a right subclavian venous 
catheter and a right femoral arterial catheter. Initial 
central venous pressure was 5 mm Hg. Femoral 
arterial pressure was 180/95 mm Hg. Other monitor- 
ing included a continuous electrocardiogram and 
pulse oximetry. Following the intravenous adminis- 
tration of lactated Ringer’s solution (1000 mL), lum- 
bar epidural anesthesia was initiated using 0.25% 
bupivacaine with 5 g/mL of fentanyl. Over the initial 
10 min, 6 mL of solution was injected through the 
epidural needle followed by an additional 4 mL over 
10 min through the catheter, resulting in a T-10 
sensory level. Anesthesia was maintained with an 
8-mL/h infusion of 0.125% bupivacaine with 1 ug/mL 
of fentanyl. Amniotomy to allow direct fetal heart 
rate monitoring was performed with the patient 
nearly supine. A decrease in arterial blood pressure 
to 120/60 mm Hg occurred after amniotomy. Resump- 
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tion of the lateral position did not restore baseline 
arterial blood pressure. Therefore, 500 mL of lactated 


Ringer's solution, and 10 mg of ephedrine (in 5-mg. 


doses) were given intravenously to maintain systolic 
pressure near baseline at >160 mm Hg. Oxytocin was 
used to induce labor. During the subsequent 8.5 h, 
labor progressed normally, sensory levels of T-4 were 
maintained, and blood pressure remained between 
160/80 and 200/100 mm Hg. Central venous pressure 
ranged from 4 to 9 mm Hg. Oxygen saturation, 
measured in the left index finger, was 94%-96%. 
Fetal heärt rate was 130-160 beats/min with normal 
short- and long-term variability. 

Intense analgesia resulting from 16 mL of 0.5% 
bupivacaine given incrementally over 30 min facili- 
tated the use of low-outlet forceps to avoid maternal 
straining during stage 2. A healthy, 3422-¢ female 
infant was delivered. Postpartum tubal ligation was 
performed, without further anesthetic requirement. 
Arterial blood pressure, heart rate, electrocardio- 
gram, and central venous pressure remained stable. 
Blood loss was 450 mL. The patient had an unevent- 
ful recovery with discharge from the hospital 2 days 
after delivery. She declined follow-up care. 


Discussion 


Takayasu’s disease (pulseless disease) is a nonspecific 
obstructive arteritis with a predilection for the aortic 
arch that occurs most frequently in Asian and His- 
panic women in the second and third decade of life 
(4,6). It may be the result of an autoimmune phenom- 
enon (7), but this is by no means certain. It is 
progressive and frequently fatal (4). Signs and symp- 
toms include vertigo, visual disturbances, syncope, 
seizures, stroke, carotid and coronary artery disease, 
cardiac valvular and conduction disease, peripheral 
artery occlusion, pulmonary hypertension, and renal 
artery stenosis (8). 

Classification of Takayasu’s disease is dependent 
on the distribution of lesions (7,9). Type I affects the 
aortie arch and/or its branches. Type II affects the 
thoracic and abdominal aorta without involvement of 
the arch. Type II is 4 mixture of type I and type IL. 
Type IV includes pulmonary artery involvement. Our 
patient did not manifest pulmonary disease but did 
have known disease of the aortic arch (type I). 

Pregnancy in Takayasu's disease may be associ- 
ated with worsening hypertension, congestive heart 
failure, and possible cerebral hemorrhage (2,5), The 
hypercoagulable state induced by pregnancy is espe- 
cially dangerous in patients like ours with significarit 
arterial lesions (3). 

Epidural analgesia was chosen to provide effective 
pain control and cardiovascular stability. Vaginal 
delivery with low-outlet forceps likewise avoided the 
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more marked impact on the cardiovascular system 
that may have resulted from either cesarean section 
or repeated Valsalva maneuvers associated with the 
second stage of labor (2,5). Accurate arterial blood 
pressure measurement required an arterial line to be 
placed in a large artery. Because of this patient’s 
significant carotid disease, preinduction levels of ar- 
terial blood pressure were maintained to avoid pos- 
sible cerebral ischemia. At the same time, further 
increases from this hypertensive baseline state were 
avoided to prevent undue cardiac strain and hemor- 
thagic stroke (5). The use of epidural anesthesia 
prevented labor-induced exacerbation of hyperten- 
sion, prechiding the need for antihypertensive drug 
therapy. l 

Avoidance of block-induced hypotension is impor- 
tant in Takayasu's disease because of the possibility 
of regional and especially cerebral hypoperfusion 
(3,5). Uterine displacement is mandatory. At least 
15 mL/kg of crystalloid should be given before initia- 
tion of epidural blockade. Finally, the administration 
of local anesthetic should be very slow, allowing time 
to adjust for the development of sympathetic block. A 
decrease in arterial blood pressure may then be 
managed with further intravenous fluid administra- 
tion or judicious doses of ephedrine. Although use of 
a flow-directed pulmonary artery catheter has been 
recommended (4), the essentially normal echocardiv- 
gram with a good ejection fraction made us confident 
that CVP measurements would provide adequate 
information about cardiac preload in this patient. 

While this patient had a relatively high level of 
sensory blockade (T-4) during the latter stages of 
labor, this resulted from a rather minimal infusion of 
anesthetic (0.125% bupivacaine at 8 mL/h). Although 
a decrease in the infusion rate would likely have 
decreased the extent of blockade, our patient was 
very stable from a hemodynamic standpoint and had 
minimal motor blockade. Thus, a decrease in the 
infusion rate, which may have led to the loss of 
adequate analgesia, was deemed unnecessary. The 
incremental addition of 16 mL of 0.5% bupivacaine to 
facilitate the use of forceps and subsequent tubal 
ligation did not appreciably increase the extent of 
sensory blockade. 

Pulse oximetry was easily obtained in this patient 
despite poor peripheral pulses. As oximetric monitor- 
ing began after sympathetic blockade, the latter may 
have improved peripheral perfusion and facilitated 
the oximetric measurements. 

In conclusion, we describe the successful use of 
epidural analgesia for labor, delivery, and tubal liga- 
tion in a patient with Takayasu’s disease. Consistent 
with previous reports (10,11), we placed prime im- 
portance on maintenance of normal central venous 
pressure (preload) and arterial blood pressure during 
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sympathetic blockade resulting from epidural anes- 
thesia. 
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A Retained Esophageal Stethoscope as a Potential Cause of 


Small Bowel Obstruction 


William F. Eckhardt, MD, Onofrio Patafio, MD, and Francisco G. Cigarroa, MD 
Departments of Anesthesia and Surgery, Harvard Medical School and Massachusetts General Hospital, 


Boston, Massachusetts 


variety of complications have been described 

after the use of esophageal stethoscopes, in- 

cluding hypoxia secondary to tracheal or en- 
dobronchial misplacement (1-3), surgical errors sec- 
ondary to misidentification of anatomic structures 
(4,5), and hypoxia related to reduction in pulmonary 
blood flow by compression of an aortopulmonary 
collateral in an infant with complex cyanotic congen- 
ital heart disease (6). We describe the unrecognized 
retention of an esophageal stethoscope, for which the 
patient presented 6 mo later with clinical evidence of 
a partial small bowel obstruction. 


Case Report 


A 74-yr-old man was scheduled for a right colectomy 
and wedge biopsy of a liver mass in July 1990. His 
past medical history was significant for stable coro- 
nary artery disease and mild aortic stenosis. He was 
admitted with dyspnea on minimal exertion in Feb- 
ruary 1990. Evaluation at that time revealed mild 
anemia and a cardiac murmur. Subsequent echocar- 
diogram revealed an ejection fraction of 62% and mild 
aortic stenosis, with a peak systolic gradient of 34 mm 
Hg and aortic valve area of 1.3 cm”. An exercise stress 
test was performed and revealed ST segment depres- 
sion accompanied by chest discomfort. A medical reg- 
imen of atenolol (50 mg daily), diltiazem (30 mg qid), 
and isosorbide dinitrate (10 mg gid) was started, and 
repeat dipyridamole-thallium scan revealed no angina, 
nonspecific electrocardiographic changes, and normal 
thallium images with no redistribution, fixed defects, or 
delayed lung uptake. Colonoscopy was performed and 
biopsy revealed adenocarcinoma. 

Preoperative laboratory values were significant for 
the following: hematocrit 32%, blood urea nitrogen 
17 mg/dL, creatinine 1.2 mg/dL, and electrocardio- 
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graphic sinus rhythm with nonspecific ST and T wave 
changes. The patient received an uneventful com- 
bined epidural and general anesthetic. A lumbar 
epidural catheter was inserted at L34 without diffi- 
culty, and epidural anesthesia was induced with 2% 
lidocaine with epinephrine (200 mg), achieving a T-6 
level. General anesthesia was then induced with 
thiopental (300 mg IV), followed by 1500 ug of 
alfentanil. Muscle relaxation was provided by vecu- 
ronium. The trachea was intubated with an 8.0 
Mallinckrodt oral endotracheal tube, and ventilation 
was controlled. An esophageal stethoscope was in- 
serted, and subsequent anesthesia was provided by 
70% nitrous oxide, 0.25%-0.5% isoflurane, in addi- 
tion to 0.5% epidural bupivacaine, and an epidural 
infusion of 0.125% bupivacaine/100% fentanyl at 
5 mL/h. Intraoperatively, the surgical staff requested 
that a nasogastric tube be inserted. An 18F nasogas- 
tric tube was inserted into the stomach through the 
right nares, and its position in the stomach was 
confirmed by the surgeons. An uneventful right 
colectomy and wedge biopsy of the liver was per- 
formed. Neuromuscular blockade was reversed with 
intravenous neostigmine and glycopyrrolate, and the 
trachea was extubated uneventfully. 

The patient spent 24 h in the postanesthesia care 
unit to receive the benefits of epidural narcotic anal- 
gesia and was transferred to the floor. He was dis- 
charged on the ninth postoperative day. Pathologic 
examination revealed adenocarcinoma of the colon 
with metastases to the liver. 

Follow-up computed tomography scan of the ab- 
domen performed in December 1990 revealed multi- 
ple liver metastases, bilateral adrenal metastases, a 
partial right hydroureter, and recurrent disease in the 
surgical bed. Oncology service consultation was ob- 
tained, and the patient was scheduled for chemother- 
apy to begin in January 1991. 

He was admitted to the emergency department on 
January 4, 1991, complaining of anorexia and nausea 
for 3 days and vomiting for 24 h. He denied symp- 
toms or signs of gastrointestinal bleeding, and his 
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Figure 1. Abdominal radiograph revealing the coiled esophageal 
stethoscope in the stomach. 


physical examination was significant for mild but 
diffuse tenderness without peritoneal signs. A plain 
radiograph of the abdomen was obtained (Figure 1) 
that revealed a radiopaque tube coiled in the stom- 
ach, extending into the first part of the duodenum. In 
addition, several air-fluid levels were noted, consis- 
tent with a partial small bowel obstruction. An esoph- 
agogastroduodenoscopy was performed on the next 
day, and snare removal of an 18F esophageal stetho- 
scope (Sheridan Sonascope) was performed without 
complication. On removal, the stethoscope was 
noted to be very stiff; however, it had not caused any 
mucosal ulceration or perforation. Nasogastric tube 
decompression was performed and the bowel ob- 
struction was relieved after 2 days. In retrospect, the 
retained esophageal stethoscope was visible on his 
abdominal computed tomography scan in December 
1990 (Figures 2 and 3). 


Discussion 


A search of the literature reveals this case to be the 
first report of accidental retention of an esophageal 
stethoscope of such duration. Though the patient had 
several other factors that may have contributed to the 
development of his small bowel obstruction (e.g., 
adhesions from prior surgery and recurrent meta- 
static disease), the esophageal stethoscope likely in- 
fluenced bowel function, particularly because it was 
so stiff. Kugler et al. (7) have also reported marked 
stiffness of an esophageal stethoscope accidentally 
retained for 4.5 wk. Lack of mucosal damage was also 
noted in a report by Hoffman and Jedeikin (8) of an 
accidentally retained endotracheal tube present in a 
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Figure 2. Abdominal computed tomography scans revealing the 
esophageal stethoscope in the stomach and exiting into the duo- 
denum. 


Figure 3. 


Abdominal computed tomography scans revealing the 
esophageal stethoscope in the stomach and exiting into the duo- 
denum. 


patient's stomach for 9.5 mo before removal by lapa- 
rotomy. 

We also have had four other cases of partially 
retained esophageal stethoscopes in the past 2 yr. 
These were noted in patients either in the operating 
room or in the postanesthesia care unit after active 
retching, gagging, and coughing during or following 
emergence from anesthesia. We have discussed this 
case with the manufacturer and have suggested the 
utility of adding some sort of retention device to 
remind practitioners of its presence (Figure 4). 

It is our assumption that the esophageal stetho- 
scope (which was placed early during the anesthetic) 
passed further into the esophagus from frictional 
contact during insertion of the nasogastric tube. The 
occurrence of this complication was a function of 
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Figure 4. Potential modifications of the esophageal stethoscope 
with retention suture or tape applied. 


focusing on the myriad tasks involved after anes- 
thetic induction, and -ne interruption of constant 
monitoring via the esophageal stethoscope to per- 
form them. This particular device is 40 cm in length, 
and in an average adult, breath sounds will be 
audible when the end of the esophageal stethoscope 
is placed 12-40 cm from the teeth, and heart tones 
will be audible when the end is positioned 19-40 cm 
from the teeth. Thus, in general, such monitors 
should protrude from the mouth 10-15 cm when in 
use. 

An esophageal stethoscope is a useful monitor of 
core temperature during hypothermic cardiopulmo- 
nary bypass, provides information regarding bron- 
chospasm, and may be a back-up system for the 
detection of ventilator disconnection, accidental extu- 
bation, and kinked endotracheal tubes (9). 
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In summary, we present the case of an accidentally 
retained esophageal stethoscope that may have con- 
tributed to a patient’s bowel obstruction 6 mo later. 
We suggest that increased vigilance, as well as taping 
in place all monitoring devices or placing a retention 
device on them, should prevent future cases such as 
ours. 
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Guide-Wire Retention After Right Atrial Catheter Insertion 


Roy F. Cucchiara, MD, and Donald A. Muzzi, MD 
Department of Anesthesiology, Mayo Clinic and Mayo Medical School, Rochester, Minnesota 





position cases at risk for venous air embolism is 

a common clinical practice (1). The risks are 
generally believed to be minimal, especially when the 
catheters are inserted from the arm. This case de- 
scribes a complication of which we were not previ- 
ously aware. 


l | The use of a right atrial catheter for sitting 


Case Report 


The patient is a 43-yr-old woman who presented with 
foot drop for possible lumbar laminectomy. The only 
pertinent medical history was a cervical laminectomy 
at our hospital 2 yr before this admission. The radi- 
ologist identified a “central line” in place on a chest 
radiograph. The patient had no signs or symptoms 
related to this finding. On close examination of the 
films, the central device was believed to be a wire 
without a “J” on the distal end (in the superior vena 
cava [SVC]) with the proximal end at the antecubital 
fossa. The wire coursed through the right cephalic 
vein laterally. Echocardiography demonstrated no 
thrombus adherent to the wire and venogram 
showed a patent system from arm to the SVC. Re- 
view of the previous anesthesia record showed the 
use of an Arrow Kit No. 04250 (Arrow International 
Inc., Reading, Pa.) for central catheter placement in 
the right arm at the time of the cervical laminectomy 
with no mention of difficulty. 

Because of her activity, young age, and otherwise 
excellent health, it was believed that the wire should 
be removed. Under monitored anesthesia care, the 
wire was surgically approached at the antecubital 
fossa. As it was being removed it was clear that the 
spiral wire was uncoiling. It fragmented both distally 
and proximally. Two of the three fragments were 
removed but the most central portion of the wire 
remained in the SVC. The femoral vein was cannu- 
lated, and under fluoroscopy a snare was used to 
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remove the final portion of the wire. The patient 
suffered no problems during the procedures. 

We have subsequently encountered another case 
in which difficulty advancing the guide wire/catheter 
was experienced during placement, with some ten- 
sion on the wire noted during retrieval. On removal 
of the catheter and wire together, it was found that 
the distal end of the core wire had broken from the 
coil (Figure 1)—the same defect that appeared in the 
case of the retained wire. In this case there was no 
proximal fracture in the helix, and both portions of 
the wire were retrieved intact. 


Discussion 


The crux of this clinical problem is how the wire from 
a central catheter kit could unknowingly be left in the 
patient. The structure of the guide “J” wire may hold 
the explanation. The wire is composed of two por- 
tions. The outer tightly coiled helix is welded on both 
ends to a second straight core wire. The wire that was 
surgically removed from the patient contained only 
the outer helix; the core wire was absent (Figure 2). 
We hypothesize that in this case there was some 
difficulty with insertion of the catheter (2) and guide 
wire, which resulted in the fracture of the weld at the 
distal end and a fracture of the helix at the antecubital 
fossa. When the guide wire was removed, the entire 
length of the central wire was present and the helical 
portion of the wire in the operator’s hand was still 
present. Thus, it would have been very difficult to 
notice that only some of the outer portion of the distal 





Figure 1. Guide wire from patient showing separation of the 
spring portion of the wire system from the end of the solid J-wire 
core. 
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Figure 2. Drawing of the separation of the two component wires at 
the J-tip as occurred in the photograph. Subsequent fracture of 
spring portion at a site comparable to that shown in the 

. would result in retention of the helix portion as the core wire and 
remaining attached helix is withdrawn. We believe this is what 
probably happened in the first case. 


part of the wire system was missing. The design of 
the kit prevents exposure of the J-wire to a steel 
needle, so shearing of the wire is an extremely 
unlikely cause of fracture. 

There are reports in the literature of fractures of 
various wire devices used to insert percutaneous 
transluminal coronary angioplasty catheters (2) and a 
report of fracture of a J-wire device resulting in 
uncoiling of the wire (3). There has been a suggestion 
that the basic structure of the double J-wire system is 
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such that fractures can result and that we should 
move toward single-wire coated designs (4). 

From the operator's point of view, there should be 
a heightened concern about the integrity of the J-wire 
system anytime there is difficulty inserting the wire, 
whenever it might be kinked, and if there is difficulty 
in removing the wire when catheter placement is 
completed. Very careful inspection of the removed 
wire is important. 

The structure of this particular guide wire is similar 
to nearly all other flexible guide wire kits. Prevention 
of this complication can be accomplished by aware- 
ness of its possibility and very careful examination of 
the entire wire upon removal, especially when any 
difficulty has been encountered upon passage. 
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Anesthetic Management for the Child With Charcot-Marie- 


Tooth Disease 


Robert S. Greenberg, MD and Stephen D. Parker, MD 
Department of Anesthesiology and Critical Care Medicine, The Johns Hopkins Hospital, Baltimore, Maryland 


eroneal muscular atrophy (Charcot-Marie-Tooth 

[CMT] disease) is the most common cause of 

chronic peripheral neuropathy in childhood. This 
autosomal dominant disorder is manifested as distal 
muscle weakness and wasting that usually becomes 
evident by the middle teenage years and slowly 
progresses to include wasting of the quadriceps mus- 
cles (1). Descriptions of anesthetic management of 
patients with this disease are rare (2-5). 

A patient is described (with a discussion of con- 
cerns regarding the anesthetic management of the 
child with Charcot-Marie-Tooth disease) and the an- 
esthetic experience with this disease in our institution 
over the past 10 yr is reviewed. 


Case Report 


A 6-yr-old boy with CMT disease fell out of a tree 
soon after eating dinner. The only injury he sustained 
was a supracondylar fracture of the left humerus. He 
was taken to an affiliated institution that evening and 
was scheduled for emergency surgery to repair the 
fractured arm. The anesthesiologist, concerned about 
the underlying disease and the potential for requiring 
postoperative ventilatory support (without resources 
to provide such), suggested emergency transfer to 
our institution. The child had had several prior pro- 
cedures without anesthetic problems. We then pro- 
ceeded with emergency repair of his supracondylar 
humerus fracture. The surgeons requested that the 
patient does not receive regional anesthesia (e.g., 
axillary block) so that they could monitor motor and 
sensory functions of the limb postoperatively. 

The patient underwent rapid-sequence induction 
of anesthesia including application of cricoid pressure 
after breathing oxygen. He received vecuronium 
(0.18 mg/kg) and thiamylal (5.4 mg/kg) intravenously, 
and the trachea was intubated easily. Anesthesia was 


Accepted for publication October 7, 1991. 

Address correspondence to Dr. Greenberg, Department of 
Anesthesiology and Critical Care Medicine, The Johns Hopkins 
Hospital, 600 North Wolfe Street, Baltimore, MD 21205. 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


maintained with O,/N,O/fsoflurane/vecuronium while 
surgery proceeded without difficulty. Using a train-of- 
four monitor, the first return of response was noted 
40 min after the initial dose of vecuronium. S 
lasted 105 min; antagonism of neuromuscular blockade 
was performed with intravenous neostigmine 
(0.07 mg/kg) and glycopyrrolate (0.014 mg/kg) without 
complication. After the patient demonstrated adequate 
strength (i.e., sustained tetanus, train-of-four, head lift) 
and appropriate alertness (i.e., eyes open, responds to 
commands), the endotracheal tube was removed and 
he did well. He recovered from anesthesia in the 
Pediatric Recovery Unit for 105 min, was transferred to 
the regular ward, and was discharged home the next 
morning. Postoperatively, he remained hemodynami- 
cally stable and there were no signs of respiratory 
compromise. 


Review of Anesthetic Experience 


We retrospectively reviewed all operative records of 
children (under 16 yr of age) diagnosed with CMT 
disease who underwent surgical procedures requir- 
ing anesthesia in our institution in the past 10 yr by 
querying the medical records database system. 
Charts of those children who were discharged with a 
diagnosis including CMT disease who underwent a 
procedure requiring anesthesia during their hospital- 
ization were reviewed and are reported here. 

Seven patients were identified who underwent 
nine procedures. The details of their management are 
summarized in Tabie 1. 

Several points can be recognized by reviewing the 
data in the table. First, none of the procedures 
recorded, except this case report, were emergencies, 
indicating the infrequency of the situation presented 
to us. Next, when a neuromuscular blocker was used, 
both depolarizers and nondepolarizers were chosen. 
Endotracheal intubation was common and there were 
no reported abnormalities of neuromuscular block- 
ade. No adverse effects were noted from succinylcho- 
line in particular, although monitoring for subtle 
effects (e.g., mild prolongation of neuromuscular 
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Table 1. Patients With Charcot-Marie-Tooth Disease Undergoing Surgery From 1/79 to 12/89 
Patlent Procedure Age ASA 
No. date (yr) Procedure status Sex Anesth time Anesthetic technique 
1 11/1/79 16 Repair bilateral pes caves I F 4:35 ETT: enflurane, N,O, STP, atropine, 
_ SCh, droperidol 
2 11/21/80 13 Plantar release right foot i F 2:10 ETT: enflurane, N-O, SCh, 
Pancur(defas) 
2 10/5/84 17  Arthrodesis right foot, 1st I F 3:22 ETT: enflurane, N30, SCh, 
metatarsal osteotomy Pancur(defas), STP, MS, lidocaine, 
glycopyrrolate 
3 5/2/85 12 Muscle biopsy I M 1:35 Mask: enflurane, N,O, STP 
4 8/30/88 12 Split posterior tendon repair, I F 3:28 ETT: halothane, N,O, thiamylal, 
cuniform osteotomy, iliac Pancur(paral), atropine, neostigmine; 
graft, casting caudal: bupivacaine 0.25% with 
epinephrine 
5 6/8/89 5  Sural nerve biopsy and H F 1:40 Mask: halothane, N,O, thiamylal 
lumbar puncture 
6 877189 6 Sural nerve and muscle iH F 1:49 Mask: halothane, N,O, thiamylal 
biopsy and lumbar 
puncture 
7 3/2/89 7 Tendon transfer, osteotomy H M 4:30 ETT: halothane, N,O, Pancur(paral), 
atropine, neostigmine; caudal x2: 
bupivacaine 0.25% with epinephrine 
7 10/11/89 8 Transfer post tibialis tendon H M 3:15 ETT: halothane, N.O, MS, d-TC(paral), 
' droperidol, atropine, edrophonium 
7r 4/2190 8 Repair left humerus, radius, WE M 1:55 ETT: isoflurane, N,O, thiamylal, 


ulna fracture 


ASA, American Society of Anesthesiologist Physical Status Classification; Anesth time, duration of anesthetic care for procedure (hours:minutes); ETT 
endotracheal tube; N,O, nitrous oxide; STP, sodium thiopental; SCh, succinylcholine; Pancur(defas), defasciculating dose of 


sulfate; Pancur(paral), paralyzing dose of pancuronium; 
vecuronium. 
* Patient described in case report. 


blockade) was not noted. Finally, we found no evi- 
dence of prolonged response to nondepolarizing neu- 
romuscular blockers in children with CMT disease, 
although the sensitivity of monitoring of neuromus- 
cular function undoubtedly varied widely. We also 
found no evidence of unexpected perioperative res- 
piratory dysfunction. 


Discussion 


Charcot-Marie-Tooth disease is classically described 
as being restricted to the lower one third of the lower 
extremity, producing a stork-leg appearance. Insidi- 
ous wasting and deformity of the hand and forearm 
muscles may occur later in the disease, but the arms 
generally remain strong. Mild-to-moderate stocking- 
glove sensory loss occurs in many patients, although 
severe disturbances are sometimes found. Treatment 
is limited to supportive measures, including splints, 
tendon transfers, arthrodeses, and various hand or- 
thoses. Although life span is not reduced, many 
patients experience long-term disability. Most, how- 
ever, remain ambulatory (1). 

As noted previously, there are few reports regarding 


Vec(rapid seq), glycopyrrolate, 
neostigmine, lidocaine 


r 


pancuronium; MS, hine 


-TC(paral), paralyzing dose of d-tubocurarine; Vec{rapid seq), rapid-sequence paralyzing dose of 


the anesthetic management of CMT disease in the 
English literature, although some reports have been 
published in Japan (4,5). Particular concerns in the 
emergency anesthetic management of this patient in- 
cluded safely securing the airway for general anesthesia 
and the potential for postoperative respiratory dysfunc- 
tion. Cardiac manifestations of CMT disease include 
arrythmias and conduction abnormalities such as par- 
oxysmal atrial flutter (6) and cardiomyopathy (7), al- 
though these are disputed by other investigators (8,9). 

In addition, there is concern about the potential for 
malignant hyperthermia in patients with neuromus- 
cular conditions. However, there is no clear evidence 
that CMT disease predisposes a child to having this 
condition, although one might consider any patient 
with a neuromuscular disease at increased risk of 
malignant hyperthermia (9). 

In general, anesthesia in a child with a “full 
stomach” may be induced by “rapid-sequence”’ in- 
duction of anesthesia using succinylcholine as the 
muscle relaxant. However, succinylcholine can cause 
severe hyperkalemic reactions during the induction 
of paralysis in patients with progressive neurologic 
disorders (10-12). An alternative practice is to induce 
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paralysis with a nondepolarizing muscle relaxant 
such as vecuronium (13). Although this practice has 
been investigated in the setting of the pediatric pop- 
ulation (14), no studies have been performed compar- 
ing the effects of vecuronium and succinylcholine in 
children with neuromuscular disorders. There are 
case reports that describe the use of neuromuscular 
blocking agents in patients with CMT disease (2,4). 
There are, however, no reports of children (less than 
18 yr old) with diagnosed CMT disease undergoing 
anesthesia and surgery, nor information regarding 
abnormalities in duration of neuromuscular blockade 
using larger, rapid-sequence doses of nondepolariz- 
ers in these children. 

Respiratory insufficiency has been described in 
patients with CMT disease on the basis of respiratory 
muscle dysfunction (15-19). These have been older 
patients in whom the disease has been present for 
many years. Respiratory insufficiency has not been 
reported in children with CMT disease, although our 
colleague’s concern regarding the possibility of-a 
prolonged response to muscle relaxants seems war- 
ranted. In addition, pathologic evidence of phrenic 
nerve involvement has also been suggested (20). 

The antagonism of neuromuscular blockade and 
recognition of adequate return of neuromuscular ac- 
tivity is complicated by the presence of neuromuscu- 
lar disease. There are reports of paradoxical worsen- 
ing of neuromuscular blockade upon attempts to 
reverse blockade in patients with neuromuscular dis- 
orders (21). The recovery of adequate muscular tone 
to sufficiently control the airway must be assessed in 
several ways; no one test is foolproof, although the 
head lift seems to be most reliable (22). In addition, 
the differences regarding neuromuscular immaturity 
and the development of the myoneural junction in 
children has not been addressed with respect to a 
specific indicator of adequacy of muscular tone after 
reversal of neuromuscular blockade. The fact that in 
many instances children are not old enough to con- 
sistently follow commands complicates this further. 

In summary, we report on a child with CMT disease 
who presented for emergency repair of a fractured 
humerus. Although we were unable to document an 
altered response to nondepolarizing neuromuscular 
blockade in this child, it seems prudent to bear this 
possibility in mind, particularly when dealing with 
older patients who have had CMT disease for many 
years and have more cephalad progression of the dis- 
ease. In addition, although succinylcholine was used in 
two patients without sequelae, a larger experience 
seems warranted before this can be recommended ona 
routine basis, especially as effective alternatives exist 
that do not pose the same risk. Regardless of technique 
chosen, close monitoring of respiratory function in the 
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postoperative period is probably of particular impor- 
tance in these patients. 
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Opioid-Induced Spasm of the Sphincter of Oddi Apparently 


Reversed by Nalbuphine 


Harold K. Humphreys, MD, and Neal W. Fleming, MD, PhD 
Department of Anesthesiology, University of California, Davis, School of Medicine, Davis, California 


dure, enjoying increasing popularity and pre- 

senting new anesthetic challenges. The periop- 
erative use of opioids in patients with hepatobiliary 
disease remains controversial. These drugs can cause 
spasm of the sphincter of Oddi, thereby complicating 
the interpretation of intraoperative cholangiograms 
(1,2). Previous studies have shown this effect can be 
antagonized by many drugs (1), including, most 
commonly, naloxone (3) or glucagon (4). We report a 
case in which spasm of the sphincter of Oddi, ob- 
served during intraoperative cholangiography, was 
probably reversed after the intravenous injection of 
nalbuphine. 


| aparoscopic cholecystectomy is a new proce- 


Case Report 


A 30-yr-old, 60-kg woman was scheduled for elective 
laparoscopic cholecystectomy after a 2-wk history of 
intermittent biliary colic and choledocholithiasis con- 
firmed by ultrasonography. Her past medical history, 
physical examination, and preoperative laboratory 
evaluation, including liver function tests, were unre- 
markable. No preoperative medications were given. 
After routine anesthetic monitors were placed, mor- 
phine sulfate (15 mg IV) was given slowly over the 
10 min before induction of anesthesia. Adequate 
sedation ensued, but the patient was still awake and 
denied any symptoms of biliary colic. General anes- 


thesia was induced with thiopental (300 mg IV). To. - 


facilitate endotracheal intubation, paralysis was 
achieved by the administration of vecuronium (6 mg 
IV). General anesthesia was maintained with isoflu- 
rane (0.8%—1.0% inspired concentration) in oxygen/ 
air (50/50). Sixty minutes after the start of the opera- 
tion, the cystic artery and duct were isolated and a 
cholangiogram was obtained using 25 mL of half- 
strength radiographic contrast (Conray Mallinkrodt 
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Medical Industries, St. Louis, Mo.). The duodenum 
did not fill with contrast medium and the common 
bile duct was occluded around the sphincter of Oddi 
(Figure 1). Nalbuphine (10 mg IV) was given, and 
3 min later a second cholangiogram was taken using 
an additional 15 mL of contrast medium. Excellent 
filling of the duodenum was noted, as well as less 
constriction of the common bile duct near the sphinc- 
ter (Figure 2). The operation was concluded without 
the need for surgical exploration of the common bile 
duct. The patient emerged comfortably and pain-free 
after the 120-min procedure. No additional analgesics 
were required during her uneventful 1-h recovery 
room stay. 


Discussion 


The best anesthetic for laparoscopic cholecystectomy 
has not been established. Arguments have been 
raised against the use of volatile anesthetics (5), 
nitrous oxide, and opioids. Nitrous oxide will cause 
bowel distention, which obstructs the operative field 
and impedes the surgery. Opioids are useful adjuncts 
to volatile anesthetics, but they can increase intrabil- 
jary pressure by causing smooth muscle contraction 
and spasm of the sphincter of Oddi (1). During 
laparoscopic cholecystectomy, intraoperative cholan- 
giography is crucial for the diagnosis of unsuspected 
common bile duct stones. Failure to appreciate pos- 
sible opioid-induced spasm may result in misinter- 
pretation of the cholangiogram, leading to unneces- 
sary surgical exploration of the biliary tract with its 
accompanying morbidity (2). 

The effects of opioids on the sphincter of Oddi are 
neither predictable nor consistent (6). Naloxone (3,7) 
and glucagon (4) have been used clinically to reverse 
opioid-induced sphincter of Oddi spasm. Unfortu- 
nately, both treatments have significant side effects. 
Naloxone may reverse intraoperative analgesia, re- 
sulting in untoward hemodynamic changes. Gluca- 
gon may produce nausea and vomiting and, as a 
polypeptide, may trigger an immune-mediated 
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Figure 1. Initial abdominal radiograph. The cannula was advanced 
through the cystic duct and resides in the distal common bile duct. 
The intrahepatic biliary system is well visualized but note the 
absence of contrast in the duodenum and the narrowing of the 
distal common duct consistent with spasm of the sphincter of 
Oddi. 





Figure 2. Subsequent abdominal radiograph taken 8 min after 
Figure 1 and 3 min after the administration of nalbuphine. The 
entire biliary system is well visualized and radiographic contrast 
passes freely into the duodenum. 


hypersensitivity reaction associated with urticaria, 
respiratory distress, and hypotension (7). 
Published studies regarding the action of nalbu- 
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phine on intrabiliary pressures report variable re- 
sponses. Perioperative studies have shown that nal- 
buphine has no significant effect on the sphincter of 
Oddi (8-10). In contrast, two nonperioperative stud- 
ies have shown that, like other opioids, nalbuphine 
can increase common bile duct pressure (11,12). Nal- 
buphine has not been studied for its ability to reverse 
opioid-induced spasm of the sphincter of Oddi. 

Nalbuphine is classified as an agonist-antagonist 
drug. It acts as an agonist at the x-opioid receptor 
subtype and an antagonist at the w-receptor. It is 
used clinically to antagonize opioid-induced pruritus 
and respiratory depression (13). Therefore, we hy- 
pothesize that nalbuphine could antagonize p-recep- 
tor-mediated biliary sphincter spasm while supple- 
menting analgesia through its agonist effects at 
k-receptors, thus avoiding some of the hemodynamic 
side effects associated with reversal of sphincter 
spasm by naloxone. 

In this case, the changes demonstrated in the 
second cholangiogram were most likely due to rever- 
sal of the sphincter of Oddi spasm by nalbuphine. 
However, other alternatives should be considered. 
The spasm observed in the first cholangiogram was 
probably the result of the morphine administered 
before induction of general anesthesia, but other 
causes such as mechanical trauma during surgical 
dissection are possible. Opioid-induced spasm is the 
most likely, given the minimal trauma associated 
with laparoscopic as compared with open cholecys- 
tectomy. A second assumption is that the changes in 
the second cholangiogram were indeed the result of 
the administration of nalbuphine. The time relation- 
ship is the strongest evidence in support of this. 
Given the short (8 min) interval between cholangio- 
grams, spontaneous recovery is unlikely as serum 
morphine concentration would not have decreased 
appreciably. However, it is possible that the cholan- 
giographic improvement may have resulted from the 
mechanical effect of the second radiocontrast injec- 
tion. 

In summary, we report a case of opioid-induced 
spasm of the sphincter of Oddi evidenced by intra- 
operative cholangiography that appeared to be re- 
versed by nalbuphine, thereby sparing the patient an 
unnecessary and potentially morbid common bile 
duct exploration. 
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Letters to the Editor 





Horner’s Syndrome Associated With 
Brachial Plexus Anesthesia Using an 
Axillary Catheter 


To the Editor: 


This is a report of a Horner’s syndrome developing after 
brachial plexus anesthesia using an axillary catheter. 

The patient was a healthy 43-yr-old woman undergoing 
surgery for removal of hardware and an anterior capsulec- 
tomy of the right elbow. Brachial plexus anesthesia using 
an axillary catheter was planned and also intended for 
postoperative pain management during therapy with con- 
tinuous positive motion machine. 

The catheter was placed using a nerve stimulator to elicit 
a radial nerve motor twitch. The catheter was passed with 
ease a distance of 10 cm from the skin, secured with suture, 
and tested with three divided doses totaling 15 mL of 1.5% 
mepivacaine with 1:200,000 epinephrine. Paresthesias and 
motor weakness of the right hand and arm developed 
within a few minutes. 

Thirty minutes later, 20 mL of 0.5% bupivacaine with 
epinephrine was injected through the catheter. An hour 
later, the patient reported mild discomfort on skin incision 
requiring another injection of 20 mL of 0.5% bupivacaine 
with prompt resolution of her discomfort. The patient was 
taken to the recovery room and then to her hospital room 
approximately 2 h later with 8 mL of 0.125% bupivacaine 
per hour infusing in her axillary catheter for postoperative 
pain management. 

Later, the patient reportec having a droopy eyelid, 
which she first noted in the recovery room but did not 
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Figure 1. Right shoulder radiograph of patient shows catheter in 
the axillary neurovascular sheath. The sheath is distented with 
10 mL of contrast solution. Note the position of the catheter tip and 
extensive proximal spread of the solution. 
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mention to the nurses. Close examination revealed ptosis, 
miosis, anhydrosis, conjunctival injection, and right-sided 
nasal congestion, all consistent with Horner’s syndrome. 
The bupivacaine infusion was temporarily stopped and 
then restarted after reassurance that her symptoms were 
very likely the result of local anesthetic spread high into her 
neck and that they would resolve as the anesthetic given 
during the operation wore off. The Horner’s syndrome 
steadily regressed even during the continuous infusion and 
was absent in less than 48 h. In addition, she had excellent 
pain relief during the 3 days the axillary catheter was in 
place. The catheter was removed on postoperative day 3 
and noted to still be in 10 cm at the skin. X-rays after 
contrast injections (total of 10 mL of diluted Conray 
[Mallinckrodt Medical Inc., St. Louis, Mo.]) before removal 
confirmed proximal spread (see Figure 1). 

Given the extensive proximal spread of 10 mL of contrast 
solution, it is quite likely that the two 20-mL boluses of 
bupivacaine used intraoperatively spread to the stellate 
ganglion and resulted in the Horner’s syndrome. 

We report this case so that patients can be informed of 
the possibility of Horner’s syndrome developing, a tran- 
sient and uneventful side effect that should not hinder the 
use of the axillary catheter for postoperative pain manage- 
ment. 


Robert L. Lennon, DO 
Scott Gammel, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, MN 55905 





Spinal Anesthesia and 
Friedreich’s Ataxia 


To the Editor: 


We were interested in the recent report by Kubal et al. (1) 
concerning spinal anesthesia for a patient with Friedreich’s 
ataxia. Their successful result was gratifying and identifies 
another acceptable technique for these patients; however, 
we would caution that a more detailed cardiac investigation 
might be appropriate. As was demonstrated by Child et al. 
(2) and illustrated by our case presentation (3), cardiac 
involvement, particularly hypertrophic cardiomyopathy, is 
found in most patients with Friedreich’s ataxia and may be 
asymptomatic until it presents as sudden death. Our pa- 
tient had significant cardiac disease and required a bowel 
resection for ulcerative colitis, so we used a technique of 
narcotic-based general anesthesia with invasive monitor- 
ing, using epidural morphine for postoperative pain control 
to avoid the potential risks of sudden pain-induced changes 
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in peripheral vascular resistance or heart rate. We inten- 
tionally avoided neuraxial local anesthetics to minimize the 
effect of sympathetic blockade. The patient described by 
Kubal et al. had a history suggestive of greater cardiovas- 
cular stability, but echocardiography as a minimum inves- 
tigation would seem advisable before general or major 
regional anesthesia. 


G. Allen Finley, MD, FRCPC 

Department of Anaesthesia 

LW.K. Children’s Hospital and Dalhousie University 
Halifax, NS, Canada B3] 3G9 

Alison M. Campbell, MB, CHB, FFARCS 


Department of Anaesthesia 
University Hospital, Queen’s Medical Centre 
Nottingham, United Kingdom NG7 2UH 
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Reviewer Gets Reviewed 


To the Editor: 


We feel inclined to comment on Dr, Racz’s recent review of 
our book, Chronic Pain (1). Our response is not a defensive 
reaction to criticism; submitting manuscripts for peer re- 
view on a regular basis teaches one to walk through this 
particular fire as a matter of course. We are dismayed at 
both the lack of responsible, or even reasoned, substantia- 
tion of claims he makes in the course of his review and the 
general tone of his commentary—more suited to a movie 
review in a tabloid than what is expected in a respectable 
medical journal. To this, we will trust and respect the more 
discerning nature of interested readers to form their own 
opinions. However, to avoid the same trap, we will elabo- 
rate on some examples from Racz’s commentary to illumi- 
nate the nature of our criticism of his review. 

On the subject of stellate ganglion blocks, Dr. Racz 
states that the anterior paratracheal (C-6 level) approach, 
using Chaissaignac’s tubercle as a landmark, is “out of date 
and hazardous.” This technique is so commonly and pri- 
marily described in virtually all modern textbooks on re- 
gional anesthesia and pain management that it certainly 
can be called “classic.” While Dr. Racz stands (seemingly 
alone) against this technique, he offers no alternative nor a 
valid reference supporting either the danger of the ap- 
proach we advocate or the comparative safety of his im- 
plied alternative. Based on his misinformation on stellate 
ganglion blocks and a misinterpretation of a standard table 
of maximum total doses of local anesthetics, Dr. Racz 
condemns this book as dangerous. 

We are particularly perplexed by Dr. Racz’s comments 
regarding the caution expressed in our text on the topic of 
epidural steroid injections. What other rational conclusion 
can be drawn by the open-minded individual who has no 
vested interest in supporting a potentially very lucrative 
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but unproven procedure than to support reasonable cau- 
tion in defining indications and wondering about all possi- 
ble motivations for performing it? This is in the face of 
absolutely no well-designed, meaningful studies to support 
the opinion of Dr. Racz that this procedure has “saved an 
enormous amount of unnecessary surgery and suffering.” 
Such an opinion expressed in the context of a book review 
leads one to wonder at his particular motivations. Does he 
protest too much? 

In an admittedly less objective response to his view that 
our (purposefully) succinct handbook is not appropriate 
reading matter for training purposes, we relied on the more 
than 10 years of experience in the operation and instruction 
of students and residents-in-training at our University- 
based, multidisciplinary Pain Management Center, as a 
principal guide to both style and content. 

In conclusion, we ask that a reviewer adhere to the same 
standards of academic integrity that are expected from 
authors submitting manuscripts for review. In view of 
these gross inaccuracies which were not detected in the 
editorial process, a retraction and re-review would certainly 
seem appropriate. 


Bradford D. Hare, MD, PhD 

Perry G. Fine, MD 

Department of Anesthesiology 

University of Utah Health Sciences Center 
50 North Medical Drive 

Salt Lake City, UT 84132 
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In Response: 


Doctors Hare and Fine indeed are doing the very thing they 
claim they are not doing, i.e., taking personally comments 
and only the critical aspects of the review of their book. I 
stand by my comments. 

Critical discussion of stellate ganglion block deserves 
more space than review of a 134-page book would allow. 
However, I think it is necessary to address the question of 
the safest technique for doing the block. I have done many 
stellate ganglion blocks over the past 25 years, and I have 
never used the anterior paratracheal (C-6 level) approach. 
The remote chance of injecting into the vertebral artery, a 
nerve sleeve, and/or causing a pneumothorax is far greater 
than if the ventrolateral side of the C-7 vertebral body 
approach is utilized (1). Because of the safety of this 
approach, we have used this technique several hundred 
times to inject a 3% phenol solution under fluoroscopic 
guidance to produce long-lasting stellate ganglion block. 

Dr. Gregory Kizelshteyn presented a scientific exhibit at 
a major national meeting that included very elegant ana- 
tomic dissections (2) showing the unpredictable nature of 
the spread when the C-6 level approach is utilized. This 
further substantiates my position. Any standard anatomic 
textbook will show that the stellate ganglion is not at C-6 
but at C7-T1. 

The question of epidural steroids is another emotional 
issue. It probably is the most common procedure anesthe- 
siologists do on pain patients. I believe that anesthesiolo- 
gists do it because they want to help their patients. Anes- 
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thesiologists who use this technique do so based on clinical 
judgment, experience, and intentions other than just finan- 
cial gains. 

I do agree there are many areas, especially in chronic 
pain management, where we need well-controlled, double- 
blind studies repeated in many centers. However, even in 
the absence of well-controlled trials, clinical experience 
does support the use of epidural steroids (3). 


Gabor B. Racz, MD 
t of Anesthesiology 
Texas Tech University Health Sciences Center 
3601 Fourth Street 
Room 10-282 
Lubbock, TX 79430 
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Dilute Local Anesthetics in Epidural 
Analgesic Solutions 


To the Editor: 


The article by Badner et al. (1) and the ensuing correspon- 
dence (2,3) shed an interesting light on what is becoming a 
common clinical practice. It is puzzling, however, that no 
discernible effect on pain after knee replacement surgery 
was found from the addition of 0.1% bupivacaine to the 
lumbar epidural fentanyl infusion. This work raises several 
questions pertinent to the clinical management of postop- 
erative epidural analgesia. 

Badner et al. report average infusion rates of 7-9 mL/h. 
How does this compare with the volume of local anesthetic 
required to anesthetize the operative site in these patients? 
A large divergence may suggest that the infusion rate was 
inadequate for the local anesthetic component to cover the 
relevant dermatomes. Moreover, prolonged epidural infu- 
sion of dilute bupivacaine solutions will produce sensory 
blockade demonstrable by pinprick (we have routinely 
obtained levels to pinprick in more than 8000 laboring 
patients receiving 0.04% bupivacaine in epidural infusion 
analgesia). Did the sensory levels achieved in these patients 
encompass the operative site? The potentially interesting 
implications of this study for the inclusion and clinical 
application of dilute local anesthetics in epidural analgesic 
solutions cannot be determined without these data. 


Paul C. Youngstrom, MD 
Department of Anesthesiology 
Case Western Reserve University 
University Hospitals of Cleveland 
Cleveland, OH 44106 
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2. Maves TJ, Gebhart GF. Analgesic between intrathecal opioids 
and local anesthetics. Anesth Analg 1991;73:365-6. 

3. Prados W. Addition of low-dose bupivacaine to epidural fentanyl infu- 
sion. Anesth Analg 1991;73:366~7. 


In Response: 


We thank Dr. Youngstrom for his interest in our paper, 
which compared the use of 0.1% bupivacaine with epidural 
fentanyl (1), and the ensuing correspondence (2,3). He 
raises what we believe is the essential question, “What is 
the necessary amount of bupivacaine required to supple- 
ment the effect of epidural fentanyl?” Although quite 
effective in the parturient when used after a bolus and with 
epinephrine (4), we believe that 0.1% or lower concentra- 
tions, in fact, are ineffective in the postoperative patient 
when combined with 10 ug/mL of fentanyl. Our conclusion 
is based partly on the fact that included in our protocol 
were sensory examinations. Although we could assess only 
the contralateral! limb because of dressings at the operative 
site, only 1 of 16 patients had a deficit to pinprick and ice 
involving the L3-4 dermatome. In contrast, as noted in the 
discussion of our paper, Raj et al. (5) required 6-15 mL/h of 
0.25% bupivacaine alone to provide effective analgesia 
while creating a sensory block from S-2 to L-1 in a similar 
population of patients. 

It is our impression, therefore, that the optimum con- 
centration of bupivacaine lies between 0.1% and 0.25%. 


Neal H. Badner, MD, FRCP(C) 
Department of Anaesthesia 
University Hospital 

London, Canada N6A 5A5 
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Use of the Laryngeal Mask Airway 
to Facilitate Fiberscope-Aided 
Tracheal Intubation 


To the Editor: 


It has previously been reported that it is easy to view the 
laryngeal aperture with a flexible fiberscope through a 
laryngeal mask airway (LMA) (1-7). This fiberscope/LMA 
experience suggests that the LMA would greatly facilitate a 
fiberscope-aided tracheal intubation, and I have found this 
to be the case in the adult patient. 

After general anesthesia is induced, the lungs are ven- 
tilated via a conventional anesthesia mask (a standard 
oropharngeal is inserted as needed) with a halogenated 
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Figure 1. Fiberscope within a 6.0-mm-ID ETT that is within the 
shaft of a number 4 laryngeal mask airway. The fiberscope and ETT 
pass through the central compartment of the grille at the end shaft 
of the laryngeal mask airway, and the cuff of the endotracheal tube 
is inflated to increase the distinctiveness of the ETT. 


drug in balance oxygen until a depth of anesthesia ade- 
quate for tracheal intubation is achieved. A number 3 or 4 
sized LMA is then inserted and the lungs are ventilated via 
the LMA. The anesthesia circle system is then disconnected 
from the LMA and a fiberscope, with the proximal end 
jacketed with a well-lubricated, adaptorless, 6.0-mm-ID 
endotracheal tube (ETT) (this is the largest sized ETT that 
will fit through the shaft of the number 3 and 4 sized LMA), 
is inserted into the shaft of the LMA and through the 
central compartment of the grille at the end of the shaft, the 
vocal cords, and on into the trachea. The 6.0-mm-ID ETT is 
passed over the fiberscope into the trachea (see Figure 1), 
the fiberscope is withdrawn, the adapter to the ETT is 
reinserted, the cuff of the ETT is inflated, and the lungs are 
ventilated via the ETT. A suture is put through the wall of 
the proximal end of the ETT, and the loose ends of the 
suture are taped to the forehead to stabilize the ETT within 
the LMA. The laryngeal aperture has been easy to view 
with minimal manipulation of the fiberscope in all cases to 
date, and the ETT has easily passed into the trachea. 
During surgery the cuff of the LMA is deflated to a low 
pressure. The ETT is removed from the LMA at the end of 
surgery, the lungs are ventilated via the LMA, and then the 
LMA is removed before the patient enters stage II of 
general anesthesia. A standard oropharyngeal airway can 
replace the LMA as needed. 

This intubation technique is unlikely to work well when 
it is difficult to ventilate the lungs via the LMA because, in 
this circumstance, it is likely that the LMA is not well 
situated over the laryngeal aperture or the laryngeal aper- 
ture is blocked by the epiglottis or tongue (2,3,6,8,9). With 
either cause of difficult LMA ventilation, it may be difficult 
to direct the fiberscope into the trachea. Further significant 
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Table 1. Largest Size Endotracheal Tube and Fiberscope 
That Can Fit Concentrically Into the Laryngeal Mask 
Airway 


Largest fiberscope 


Largest ETT that fits into ETT, 
LMA that fits into LMA, listed in column 
size number (ID in mm) (OD in mm) 
4 6.0, cuffed 5.07 
3 6.0, cuffed SAF 
2 4.5, without cuff 3.5° 
1 3.5, without cuff ya a 


LMA, laryngeal mask airway; ETT, endotracheal tube; ID, inside diam- 
eter; OD, outside diameter. 

“Olympus BF-P20D. 

"Pentax FB-10H or FI-10P. 

“Olympus PF-27M. 


limitations to the method consist of the need to use a 
number 3 or 4 sized LMA (may not fit into all adult patients) 
and the need to use a 6-mm-ID ETT (which may be 
unacceptably small in some patients). Table 1 shows the 
largest sized ETT and fiberscopes that can concentrically fit 
inside the various sized LMAs. 

This intubation technique is likely to be uniquely valu- 
able in a few situations. First, and most importantly, this 
technique may be especially useful when a “cannot intu- 
bate, cannot ventilate via mask” situation develops (10). In 
this catastrophic circumstance, use of the LMA (as out- 
lined) may solve both the mask ventilation and intubation 
problems. Second, when just a “cannot intubate under 
general anesthesia” situation develops (the lungs can still 
be ventilated via conventional mask), the LMA may still 
serve as an excellent airway intubator for the fiberscope 
(10). Third, the technique greatly facilitates viewing of the 
vocal cords during and at the end of neck surgery (4,7). 
Fourth, the technique is useful when a diagnostic view of 
the laryngeal aperture and/or trachea is necessary before or 
simply without ETT intubation (1,5). 


Jonathan L. Benumof, MD 

Department of Anesthesiology 

University of California at San Diego Medical Center 
Mail Code 8812 

225 Dickinson Street 

San Diego, CA 92103 
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A Technique for Reducing 
Pain Associated With 
Propofol Administration 


To the Editor: 


Propofol has achieved widespread acceptance around the 
country since its introduction in 1989. One continuing 
problem associated with the use of this drug is its tendency 
to cause aching upon administration. A technique that has 
not been previously reported involves minimizing the 
volume of drug/intravenous fluid diluent administered for 
any selected drug infusion rate. When propofol is intro- 
duced into an intravenous line, increasing diluent flow 
increases the pain associated with injection. This clinician 
has found that there is significantly less pain on adminis- 
tration of propofol if the carrier IV is turned off completely 
and only undiluted propofol is infused. This technique is 
not perfect, but except in very small veins or particularly 
sensitive individuals, injection of up to 200 yg-kg~*-min™? 
of propofol is accepted quite well. It is not obvious why the 
same infusion rate of propofol causes less pain on admin- 
istration if its volume is minimized. One possibility is that 
the smaller volume decreases the contact area between vein 
endothelium and drug and that contact area is a more 
important determinant of pain than is drug concentration. 


Andrew B. Freeman, MD 
Department of Anesthesia 

Humana Hospital Medical City Dallas 
5525 Willow Lane 

Dallas, TX 75230 


Empty the Stomach by Endoscopy 
Before Pyloromyotomy 


To the Editor: 


Thank you for publishing Suresh’s anecdote (1). In the last 
year, 15 of 18 neonates with pyloric stenosis had operations 
performed by one surgeon (Mr. D. E. Sibson), who per- 
forms an endoscopy just before anesthesia and surgery. 

With the child awake, swaddled, on its left side in an 
incubator, a 9-mm endoscope is passed into the stomach. 
The endoscope is used to confirm the diagnosis (the py- 
lorus does not open) and empties the stomach under direct 
vision. 

The child is moved to the operating table, breathes 
oxygen, and anesthesia is induced intravenously without a 
nasogastric tube or succinylcholine and optional cricoid 
pressure. Atracurium is used to facilitate endotracheal 


LETTERS TO THE EDITOR 315 


intubation; the endoscopy provides a tachycardia so atro- 
pine is not used even for its drying action. 

Reflux through the pylorus from the duodenum is 
unlikely, and knowing the stomach is empty relaxes the 
minds and not the sphincters of occasional neonatal anes- 
thetists. 


William F. S. Sellers, FFARCS 
Derek E. Sibson, FRCS 
Kettering General Hospital 
Northamptonshire NN16 8UZ 
United Kingdom 
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Continuous Arterial Pressure 
Monitoring During Magnetic 
Resonance Imaging— 

An Alternative Method 


To the Editor: 


The challenge of managing acutely ill patients during 
magnetic resonance imaging (MRI) procedures is increasing 
as MRI units are being widely installed throughout the 
United States. The presence of a 1.5-T magnetic field 
necessitates the removal of ferromagnetic materials from 
the suite because of danger to the patient or problems with 
signal acquisition. Arterial blood pressure has been moni- 
tored manually by palpation, by Doppler (1), and by 
oscillotonometric devices (2), such as the Dinamap model 
18465X/P (Criticon). However, the pumping operation of 
the instrument may produce radiofrequency interference 
during magnetic resonance acquisition, necessitating man- 
ual cycling of the instruments while the magnetic reso- 
nance acquisition is paused (3). 

We report a simple and effective means of continuous 
arterial blood pressure monitoring. Although the concept 
of water manometry is not new, the application of this 
concept for measuring arterial blood pressure in the MRI 
suite has not been reported. At our institution we are 
frequently called upon to administer general anesthesia for 
stereotactic radiosurgery, which requires induction of gen- 
eral anesthesia and endotracheal intubation before place- 
ment of the patient in a stereotactic head cage for MRI 
scanning. Induction of anesthesia takes place outside of the 
MRI suite, where a full compliment of monitors and tools 
may be used, including electronic arterial monitoring. On 
movement to the MRI suite, the patient is placed on a 
Mongahon 225 volume ventilator, and total intravenous 
anesthesia is maintained. The electrocardiogram is moni- 
tored remotely with a Hewlett Packard 78352A monitor, 
and a Nonin Medical Corporation 8604 pulse oximeter is 
utilized. To monitor blood pressure, a standard water 
manometer (Medex, Inc.) with stopcock is attached to the 
stopcock next to the transducer of a Baxter electronic 
pressure monitoring kit. The arterial pressure tubing from 
the patient to the transducer is approximately 200 cm in 
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length, thus allowing the transducer to be placed up to 
200 cm vertically above the level of.the left atrium. We find 
it convenient to tape the device to the front of the MRI 
scanner. As the density of mercury is 13.6 times the density 
of H,O, a column of saline 136 cm high equals 100 mm Hg. 
The length of the manometer is 40 cm and therefore has a 
range of approximately 30 mm Hg. Thus, the manometer 
may be positioned at a height above the patient to allow 
measurement of mean arterial blood pressure between 80 
and 110 mm Hg. If the pressure is lower or higher than the 
set range, the device may be lowered or raised accordingly 
so the pressure remains within the manometer range. The 
tubing and manometer are filled with heparinized saline 
(2 U/mL) from the pressurized transducer apparatus. The 
turn of a stopcock allows the device to be occasionally 
irrigated in the usual manner to prevent thrombus forma- 
tion. The standard pressure infuser bag (Medex), with the 
aneroid pressure gauge removed and the hole capped with 
a standard needle cap, is used. The red float in the 
manometer is easily visible on top of the clear heparinized 
(2 U/mL) saline column. This system allows easy, simple, 
continuous, and reliable measurement of heart rate (pulsa- 
tion of the red float) and mean arterial blood pressure in a 
setting hostile to modern sophisticated monitoring devices. 


Steven W. Emmons, MD 

Hugh B. Martin, MD 

Department of Anesthesiology 

St. Louis Untoersity School of Medicine 
3635 Vista Avenue at Grand Boulevard 
St. Louis, MO 63110-0250 
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Droperidol Prevents Serotonin- 
Induced Bronchospasm, 
Pulmonary Hypertension, and 
Intrapulmonary Shunt 


To the Editor: 


In a recent article, Gentil et al. (1) suggested that droperidol 
antagonized serotonin-induced bronchospasm in an exper- 
iment using guinea pigs. Serotonin increases the pulmo- 
nary arterial pressure and the intrapulmonary shunt as well 
as the bronchial muscle tone. We found in dog studies that 
injection of 0.5 mg/kg of droperidol reversed both pulmo- 
nary hypertension and increased intrapulmonary shunt 
that were caused by continuous serotonin administration at 
a rate of 50-100 yg-kg™*-min™ (2). Serotonin produces a 
biphasic concentration vasoactive effect (3). At low concen- 
trations serotonin acts directly on a specific serotonin 
receptor that is not antagonized by a-adrenergic blocking 
agents (1,3,4). High concentrations of serotonin, however, 
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produce vasoconstriction by activation of an a-adrenocep- 
tor that is antagonized by a-adrenergic blocking agents 
(3,5). We used high serotonin doses that were 8-16 times 
that of Gentil et al. because this infusion rate was needed 
continuously to increase by twofold the mean pulmonary 
arterial pressure (6). We demonstrated that phenoxybenz- 
amine (2 mg/kg) reversed serotonin-induced pulmonary 
hypertension and increase of intrapulmonary shunt (7). We 
also found in our preliminary study that droperidol pre- 
treatment failed to increase pulmonary arterial pressure 
with low doses of serotonin. From these results, we suggest 
that droperidol reverses not only serotonin-induced bron- 
chospasm but also pulmonary vasoconstriction by antago- 
nizing a specific serotonin receptor. 


Junzo Takeda, MD 
Junichi Masuda, MD 
Kazuaki Fukushima, MD 
Department of Anesthesiology 
School of Medicine 

Keio University 

35 Shinanomachi 
Shinjuku-ku 

Tokyo, Japan 160 
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Propofol and 
Pharmacokinetic Modeling 


To the Editor: 


We read with interest the recent study by Stokes and 
Hutton (1) on rate-dependent induction phenomena with 
propofol. Certainly we would agree with the authors’ aim 
of stimulating greater consideration of biophase character- 
istics in pharmacologic modeling. In this context, though, 
several points need to be raised. 

First, the end point of the study seems too vaguely 
defined; we are told nothing of the sampling rate or 
technique for ascertaining loss of verbal contact. How was 
this end point standardized and made reproducible? We 
would suggest that “loss of verbal contact” as described is 
too variable an end point for the purposes of a dose- 
response curve upon which to base pharmacologic mod- 
eling. Electroencephalographic and evoked potential 


ANESTH ANALG 
1992;74:311-9 


PROPOFOL 


Biood level (ug/mi) 


P Eff.-Conc. (ug/m)) 


2 
4 


00 
oi 


Inf.-Rate (mg/min} 





LETTERS TO THE EDITOR 317 


PROPOFOL 


Blood level (ug/ml) 


Eft Cone. (ugm!) 


inf.-Rate (mg/min) 


Figure 1. Modeling of infusion and bolus schemes. 


measurements (2)—-methods of quantifying biophase phar- 
macodynamics now readily available—would perhaps pro- 
vide a more objective and quantifiable end point. 

Second, in studying any system with linearly increasing 
characteristics at fixed sampling intervals, the group with 
the steepest time-slope is bound to show the greatest 
experimental or methodical error (overshoot). The longer 
the interval between sampling, the larger this slope- 
dependent end-point detection delay will be. Might not 
such a simple methodical explanation go some way toward 
explaining the results obtained? 

Third, the authors assume that rapid administration of 
propofol “leads to an early peak in plasma concentration 
providing a large gradient for both uptake into the central 
nervous system (CNS) and for drug redistribution to other 
tissues.” Modeling these induction schemes according to a 
three-compartment model based on a large patient data 
base (3,4), it is evident (Figure 1) that plasma levels are 
maximal at the end of the induction procedure for all four 
schemes: there is no early plasma peak as such. According 
to the authors’ own results, there was no significant differ- 
ence in the (mean) blood propofol levels at the end of the 
induction procedure. 

There thus seems little basis for assuming that a rate- 
limiting transfer rate into the biophase explains the differing 
behavior of the groups in the study. On the contrary, with 
the results obtained it seems likely that transfer out of the 
circulation into the biophase (and other compartments) for 
propofol is rapid—and perhaps related to injection speed 
overpressure after all. Under such circumstances, the major 


differences between the groups would be differences in 
biophase or other compartment concentrations: faster injec- 
tion merely fills these compartments more rapidly without 
producing large differences in blood concentration. The 
resulting higher biophase concentrations would produce 
more cerebral depression (“depth of anesthesia’’): a condi- 
tion not detectable by this study design involving the 
simple on-off phenomenon of loss of verbal contact. Fur- 
ther studies involving objective quantification of biophase 
activity to clarify current definitions of absolute and relative 
drug potency are clearly needed. 


O. H. G. Wilder-Smith, MB, ChB, MD 
A. Borgeat, MD 

Department of Anaesthesiology 

University Hospital of Geneva 

Rue Micheli-du-Crest 24 

CH-1211 Geneva 4 

Switzerland 
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Propofol and 
Malignant Hyperthermia 


To the Editor: 


I read with interest the letter to the editor by Dr. Gallen 
regarding the uneventful usage of propofol in a malignant 
hyperthemia (MH)-susceptible patient (1). 

Although MH did not develop in this particular patient 
during the described anesthetic administration, I believe 
that Dr. Gallen should have tempered his enthusiasm and 
phrased his conclusions in a more appropriately conserva- 
tive manner. 

One observation or case report should never be the basis 
to confirm any conclusion or suggestion. In light of the 
unpredictable nature of MH, Dr. Gallen’s report of a single 
case should be viewed as supporting the conclusion of Raff 
and Harrison (2). In this respect, Dr. Gallen’s concluding 
sentence would be more appropriate if worded as “This 
case supports the suggestion based on animal experiments 
(2) that propofol may be safe in MH-susceptible patients and 
may offer a valuable alternative in the anesthetic manage- 
ment of these patients.” 

This is my personal opinion and does not necessarily 
reflect those of the Department of the Navy. 


Dennis S. Kumata, MD 
Department of Anesthesiology 
Naval Hospital 

Oak Harbor, WA 98278 
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The Gum-Elastic Bougie: A 
Life Saver 


To the Editor: 


The gum-elastic bougie (1), although not a new device, 
continues to prove its usefulness. The following case report 
demonstrates the benefits to be gained from having this 
device readily available in the operating room. 

A 32-yr-old woman was admitted in established labor at 
40-wk gestation. Physical examination was remarkable for 
morbid obesity, the body weight being 454 lb (206.36 kg) 
with a height of 5 ft 1 in (152.5 cm)}—4.34 times the ideal 
body weight (Broca’s Index). Anesthesia service described 
the patient as potentially being difficult to intubate because 
of limited movement of the cervical spine; her short, fat 
neck; and large breasts. Aspiration prophylaxis (famotidine 
and metoclopramide) was ordered in addition to the Bicitra 
administered on admission to the labor and delivery suite 
to facilitate awake intubation under local anesthesia should 
the patient require cesarean section. 

Labor progressed uneventfully for several hours, when 
fetal distress became apparent from variable decelerations 
on cardiotocographic monitoring confirmed by decreased 
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scalp pH. The patient was immediately brought to the 
operating room for emergency cesarean section. The ur- 
gency of the situation precluded awake fiberoptic intuba- 
tion, therefore awake direct laryngoscopy was planned. On 
questioning the patient and nursing staff, it became appar- 
ent that the usual drugs to minimize the chances of aspira- 
tion of gastric contents had not been given, therefore it was 
believed that the safest option was to proceed without 
topical anesthesia, and this was explained to the patient. 
Only the epiglottis was visible at laryngoscopy and an 
initial attempt at tracheal intubation was unsuccessful. A 
gum-elastic bougie was then inserted immediately poste- 
rior to the epiglottis and caused the patient to cough, 
suggesting correct placement. An endotracheal tube was 
quickly passed over the bougie and into the trachea, 
confirmed by capnography. Anesthesia was induced and 
surgery proceeded uneventfully resulting in the delivery of 
a healthy female child with Apgar scores of 8 and 9. 

The gum-elastic bougie undoubtedly contributed to the 
good outcome in this case. Without it, intubation could 
potentially have been much more difficult, and significant 
fetal hypoxia could have occurred. 


Patrick F. Benson, FFARCSI 
Department of Anesthesia 
University of Texas Medical Branch 
Campus Route E-91 

Galveston, TX 77550-2778 
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Oliguria Due to Obstruction of Urine 
Bag Filter (Terumo Uroguard) 


To the Editor: 


We recently encountered a patient who had oliguria owing 
to difficulty with a urine bag during surgery. A 5-yr-old 
patient (20 kg) with no medical problems except chronic 
otitis media underwent a tympanoplastic operation. The 
patient was anesthetized with enflurane (2%), nitrous oxide 
(65%), and oxygen. About 1 h after uneventful anesthesia, 
we found no urine being excreted into the urine bag, 
although only a small amount of urine was observed in the 
catheter. Vital signs were within normal ranges. Systolic 
arterial blood pressure was 110 mm Hg, heart rate was 90 
beats/min, and body temperature was 36°C. We initially 
suspected hypovolemia and administered an infusion of 
lactated Ringer's solution at a rate of about 10 mL-kg™?: 
30 min™’. We then checked the route of the urinary 
catheter and found no kinking; pressure on the lower 
abdomen yielded only 5-10 mL of urine. Finally, a test dose 
of furosemide (2 mg IV) was administered 2 h after the start 
of the operation and resulted in no further urine excretion. 
When the urine bag was picked up to change the urinary 
catheter, an air filter accidentally popped off the bag 
(Terumo Uroguard) (Figure 1). A considerable amount of 
urine was excreted immediately afterwards. We referred 
this to the manufacturer (Termo Co. Ltd., Tokyo, Japan) 
who found mechanical obstruction of the air filter. This case 
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Figure 1. Mechanical obstruction of air filter (arrow) in the urine 
bag (Terumo Uroguard). 


illustrates that when one encounters poor urine excretion 
without any obvious cause, the catheter should be replaced 
without hesitation. 


Yoshihisa Koga, MD 

Toshio Saishu, MD 

Takeshi Shima, MD 

Department of Anesthesiology 

Tohoku University School of Medicine 
1-1 Seiryomachi, Aobaku, Sendai 980 


Japan 


A Potential Defect in an Ohmeda 
Sevotec III Vaporizer 


To the Editor: 


Although there have been few reports regarding potential 
problems with vaporizers (1), we recently experienced a 
potentially dangerous problem in a new Ohmeda Sevotec 
II vaporizer. A 2-yr-old boy (10 kg) was scheduled to have 
orthopedic surgery for bilateral club feet. About 30 min 
after injection of scopolamine (0.1 mg IM), anesthesia was 
induced with increasing concentration of sevoflurane com- 
bined with 65% nitrous oxide and 32% oxygen by mask. 
After 5 min he appeared to be asleep and insertion of an 
intravenous line was attempted. However, the patient 
suddenly started to cry. Increasing the concentration of 
sevoflurane to 5% did not induce unconsciousness. We 
abandoned sevoflurane anesthesia after checking the gas 
mixture ourselves and found the aroma of the sevoflurane 
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Woodruff key 


Figure 1. Dial and rotary valve assembly in an Ohmeda Sevotec III 
vaporizer. 


to be very weak. We switched to isoflurane (2-3%), which 
resulted in satisfactory anesthesia. After the operation, we 
analyzed the concentration (vol %) of sevoflurane coming 
out of the Sevotec II. A poor correlation was found 
between the dial setting (%) and the concentration (vol %) 
obtained with a gas analyzer (Rascal). A 1% dial setting 
corresponded to 0.32% (vol %) by gas analyzer and 5% 
corresponded to 0.8% (vol %), respectively. 

As a problem in the vaporizer was suspected, we re- 
quested that the manufacturer check the vaporizer. The 
cause of the trouble was a missing woodruff key (Figure 1). 
Usually, the rotary valve activates the dial by a woodruff 
key. The dial and the rotary valve will not contact each 
other without the key. It is unclear why the woodruff key 
was missing as the vaporizer had never been taken apart. 
We, fortunately, discovered the vaporizer problem because 
of the use of a slow induction of anesthesia. If the vaporizer 
had been used on an adult patient after a rapid induction of 
anesthesia, the problem may have been masked by adju- 
vants, such as muscle relaxants. Consequently, when it is 
difficult to anesthetize a patient by an inhaled anesthetic, 
one should check the circuit. A gas analyzer will also detect 
this type of failure. 


Yoshihisa Koga, MD 
Hiromitsu Urushiyama, MD 
Toshio Saishu, MD 

Department of Anesthesiology 

Tohoku University School of Medicine 
1-1 Seiryomachi, Aobaku, Sendai 980 
Japan 
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Critical Care Practice 


John W. Hoyt, Alan S. Tonneson, and Steven J. Allen, 
eds. Philadelphia: W.B. Saunders, 1991, 571 pages, 
$45.00. 


In the United States, anesthesiologists were heavily in- 
volved in efforts to introduce critical care medicine as a 
distinct clinical specialty. Although much of the early 
emphasis of anesthesiologists was focused on respiratory 
problems as the central issue in most critically ill patients, it 
was clear from the outset that as a medical subspecialty, 
critical care medicine encompassed much more. At present, 
a major issue is the absence of a good definition of the limits 
of this subspecialty. One approach has been to define this 
field in terms of resuscitation, similar to the stepwise 
approach to cardiopulmonary resuscitation used by the 
American Heart Association in basic and advanced life 
support algorithms. To this end, the Publications Commit- 
tee of the American Society of Critical Care Anesthesiolo- 
gists have published Critical Care Practice. This book, com- 
prised of 31 chapters and 571 pages, is intended to serve as 
an introductory text for house officers and fellows during 
their time spent in the ICU. 

This is a multiauthored text whose editors are well 
known for their many past teaching and research contribu- 
tions to critical care anesthesiology. They have divided the 
book into three sections dealing with critical care life 
support, organ system failure, and specific critical care 
topics. These topics are covered by 44 authors, about half of 
whom are among present leaders in anesthesiology and 
critical care medicine and most of whom are known for 
their teaching and communicating skills. 

This is a broad-based book, which is primarily directed 
toward anesthesiologists in-training but will serve as an 
introductory text for other medical specialties as well. 
Particularly well done are the algorithms for early stabili- 
zation of respiratory, cardiac, and neurologic injury. Fur- 
ther, the material contained in this book often covers more 
than might be expected from an introductory text. The 
entire section dealing with specific problems in multiorgan 
system failure, an area of increasing interest, is well done, 
given space limitations in an introductory text for such an 
all-encompassing subject. There are in-depth discussions of 
ethical considerations, triage responsibilities, pain manage- 
ment, and the somewhat uncertain role of anesthesiologists 
in the critical care milieu. 

The information presented is up to date with more than 
a third of the bibliographic references being from 1985 to 
the time of publication. In many chapters, bibliographic 
material is indexed with headings as to subject. In others, 
for reasons unclear to this reviewer, indexing is not used. 
Numbers of references per chapter range from more than 
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90 down to three, in which case all three were to other 
texts. 

As with many multiauthored texts, some unevenness in 
depth, style, and content of chapters occurs. As an exam- 
ple, metabolic acid-base disturbances are covered in three 
pages, whereas 17 are devoted to capnometry and pulse 
oximetry. In some sections, the information presented does 
little more than provide background information instead of 
describing an algorithm for care delivery. As one example 
of this, in the chapter dealing with care of patients after 
organ transplantation, fully two-thirds of the chapter is 
devoted to technical aspects of surgical procedures used in 
transplantation, whereas four pages are left for specifics of 
preoperative and postoperative care of organ transplanta- 
tion patients. Despite these minor failings, this book is well 
worth its modest price, and will more than adequately 
serve for its intended purpose as an introductory text in 
critical medicine for house staff in anesthesia and other 
specialties. The editors are to be commended on their 
efforts to set a standard. 


Ralph T. Geer, MD 
Hospital of the University of Pennsylvania 
Philadelphia, Pennsylvania 


Vascular Anesthesia 
J. A. Kaplan, ed. New York: Churchill-Livingstone, 1991, 
717 pages, $94.95. 


This reviewer is delighted to see that vascular anesthesia is 
being recognized as an important subspeciality in anesthe- 
siology as evidenced by the number of textbooks published 
in recent years. Vascular Anesthesia is arranged under four 
sections with 23 chapters written by 44 authors. 

Section I (three chapters) deals with preoperative assess- 
ment and management of the vascular surgery patient. 
Cardiac risk assessment, optimization of the cardiovascular 
system, and radiology of the vascular system are covered in 
this section. Section II (four chapters) covers cardiovascular 
physiology and pharmacology. 

Section II (12 chapters) emphasizes specific anesthetic 
considerations. This section covers specific surgical proce- 
dures such as carotid artery, thoracic and abdominal aorta, 
peripheral vasculature, liver transplantation, and pediatric 
vasculature, as well as monitoring during surgery, regional 
versus general anesthesia for vascular surgery, and hema- 
tologic considerations in vascular surgery. Section IV (four 
chapters) deals with postoperative management. Included 
here are postoperative pain management and postoperative 
complications and management. 


©1992 by the International Anesthesla Research Society 
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This is a well-written and well-edited textbook and the 
quality of the material, the manner of presentation, and the 
references are uniformly excellent. However, in future 
editions, this reviewer would like to see more complete 
presentations of anesthesia for ruptured abdominal aneu- 
rysms, differences in hemodynamic changes with aortic 
cross-clamping between aneurysmal disease and aortoiliac 
occlusive disease, blood-conservative techniques, and an- 
esthesia for portal hypertension surgery. Additionally, a 
chapter on the indications, contraindications, timing of 
some of the common surgical procedures, alternative tech- 
niques available, and types of grafts available written by a 
surgeon would help anesthesiologists to understand better 
the management of these patients from the surgeon’s point 
of view. 

Despite these reservations, this book is highly recom- 
mended to all those who are involved in the care of the 
vascular surgery patient. 


Kallam 5. Reddy, MD 
Henry Ford Hospital 
Detroit, Michigan 


Atlas of the Difficult Airway 


Martin L. Norton and Allan C. D. Brown. St. Louis, 
Missouri: Mosby Year Book, 1991, 214 pp. 


Airway management has been considered the anesthesiol- 
ogist’s area of expertise. The difficult airway, especially if 
unanticipated, can cause fear in even the most experienced 
anesthesiologist. Recent analysis in the ASA closed claims 
study of adverse respiratory events points to inadequate 
ventilation, esophageal intubation, and difficult intubation 
as the most common causes of brain damage and death 
under anesthesia. Difficulty in airway management contrib- 
utes to all these categories of adverse events. Better moni- 
toring can only reduce a small percentage of these out- 
comes. Anticipation of difficulty with appropriate plans 
and alternatives may be of additional help. Drs. Norton and 
Brown have combined their experience in the Difficult 
Airway Clinic at the University of Michigan at Ann Arbor to 
give us an approach to the evaluation, definition, and 
management of the difficult airway. The recommendations 
are primarily those of the editors with contributions by 
their colleagues in related disciplines such as pulmonology, 
radiology, otorhinolaryngologv, and oral surgery. 

The book begins by reviewing the techniques and equip- 
ment suggested for normal endoscopy and intubation. The 
consultation procedures of their Difficult Airway Clinic are 
described including evaluaticn forms and flow charts. 
There are several chapters addressing in detail the modal- 
ities used to evaluate the structural anatomy and function 
of the difficult airway. The authors then turn to specific 
groups of patients at risk for airway difficulties. These 
include those with boney and soft tissue anomalies (both 
congenital and acquired), burns, obesity, and sleep apnea. 
There are separate chapters addressing the pediatric diffi- 
cult airway and airway problems in oral/maxillofacial sur- 
gery. The final chapter deals with the anesthetic man- 


BOOK REVIEWS 321 


agement of patients with a compromised airway. Such 
issues as transport, premedication, monitoring, and posi- 
tioning are discussed as well as anesthestic induction 
techniques with a difficult airway. 

There are abundant illustrations including black and 
white photographs and illustrative drawings. Airway 
anomalies may be one area of discussion in which a picture 
may truly be worth a thousand words. There are pictorial as 
well as textual descriptions of many of the suggested 
evaluation and management techniques. The book details 
the seemingly infinite variety of airway difficulties that can 
occur with emphasis on evaluation and management of the 
anticipated difficult airway. The problem of the unantici- 
pated difficult airway is considered only superficially. The 
text may prove most useful to those presented with an 
uncommon airway problem in planning strategies for man- 
agement. Although some note is given to “escape routes,” 
failed-intubation protocols are not discussed in detail. 

' The chapters on preoperative evaluation methods pro- 
vide a detailed descriptive reference. However, they rely on 
examinations and information not readily available or easily 
obtainable outside highly specialized institutions. The 
chapters on the pediatric difficult airway and the anesthetic 
management of the difficult airway provide a good over- 
view for all persons, both practitioners and trainees, in- 
volved in airway management and intubation. 

The material contained in the chapters on specific prob- 
lems and management techniques will prove more clini- 
cally relevant to those outside the academic setting. With 
the excellent pictures and diagrams, this book will make a 
useful addition to the anesthesia department reference 


library. 
Marsha L. Wakefield, MD 


Medical College of Georgia 
Augusta, Georgia 


Neuroanesthesia: Handbook of Clinical and 
Physiologic Essentials 

Philippa Newfield and James E. Cottrell, eds. Boston: 
Little, Brown, 1991, 458 pages, $53.25. 


The second edition of this outline-style handbook of neu- 
roanesthesia was published 7 years after the first with the 
same editors. The book was written by 31 authors repre- 
senting 19 institutions. The largest number of authors from 
one institution is seven from State University of New York 
Health Science Center at Brooklyn College of Medicine. 
Twenty-six of the authors are anesthesiologists, three are 
neurosurgeons, one a radiologist, and one an otolaryngol- 
ogist. Many of the authors are well known and are consid- 
ered experts in their respective areas. There are a few 
additions to or deletions from the author list of the first 
edition, but overall there is continuity between the two 
editions. 

The second edition consists of 17 chapters, the same as 
the first edition. None of the chapters is fundamentally 
new. The current edition has 377 pages of text and is 
divided into three logical sections: General Considerations 
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containing four chapters in 84 pages (22% of text); Intensive 
Care, three chapters in 68 pages (18% of text); and Anes- 
thetic Management, 10 chapters in 225 pages (60% of text). 

There are 961 references cited in the book. The number 
of citations per chapter is, however, not uniform and 
ranges from 15 in the chapter on neuroradiologic proce- 
dures to 216 in the chapter on cerebral damage and phar- 
macologic intervention. Of the references cited, 18% are 
from the past 5 years, 42% from the past 10 years, 45% from 
1971 to 1980, and 13% from 1970 or earlier. 

The chapters are also nonuniform in the number of 
current references cited. The chapters on cerebrovascular 
lesions and tumors in the pregnant patient, posterior fossa 
procedures, and pediatric neurogenic airway and swallow- 
ing disorders have no references from the past 5 years, and 
that on transsphenoidal procedures has only one reference 
from the past decade! In contrast, 61% of the references in 
the chapter on fluid management are from the past 5 years, 
and 93% from the past 10 years. The majority of chapters, 
however, have 20%-30% of references from the past 5 years 
and 50%-60% from the past decade. Too many recent 
works are missing from the reference lists to consider the 
book a comprehensive and complete look at neuroanesthe- 
sia. 
The second edition of this book is generally “tightened” 
up and better referenced than the first. There are a few 
additions and deletions to the text (mostly a word or 
sentence change), but 80%-90% of the text appears to be 
word-for-word exactly as the first edition. Nevertheless, 
the chapters appear fairly up-to-date even with these small 
changes. However, an occasional anachronistic statement 
creeps in, as in the chapter on posterior fossa procedures. 
The discussion of end-tidal nitrogen monitoring assumes 
the unavailability of a “room dedicated” gas monitor capa- 
ble of measuring nitrogen. This is simply not true. 

The chapters on fluid management, spinal cord injury, 
and pediatric neurosurgery are pleasant exceptions to the 
not-much-new attitude of the other chapters. Each of these 
chapters appears to have been significantly rewritten for 
the second edition. Perhaps this is to be expected as these 
chapters have new coauthors. 

In summary, the second edition of this book is more like 
a supplement to the first edition than a truly new work. 
Most of the chapters are updated in a rather terse fashion. 
Importantly, however, the book is fairly current. The qual- 
ity and completeness of the chapters is variable. However, 
this reviewer's overall impression of the book is favorable. 
If you like the outline-style book, and are not concerned 
with obtaining a comprehensive text, this is a good choice. 
It is particularly a good choice for a resident during a 
rotation on neuroanesthesia. The moderate price of $53.25 
makes this book a worthwhile option for those desiring a 
neuroanesthesia text for their personal library. 


Richard J. Sperry 
University of Utah 
Salt Lake City, Utah 
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Pain and Central Nervous System Disease. The 
Central Pain Syndromes 


K. L. Casey, ed. New York: Raven Press, 1991, 290 
pages, $92.00 


Central pain syndromes (CPS) have received all too little 
attention for such an important group of disorders. This is 
only the second text ever published on CPS, and thus it 
becomes an important resource for all practitioners manag- 
ing patients with such afflictions. 

This book is a compilation of invited essays from the first 
symposium held on CPS. The 21 chapters are written by 
renowned experts from around the world. Thus, the book 
is a current statement on the opinions and theories regard- 
ing the pathophysiology of CPS and the recommendations 
for treatment. 

The text is divided into five sections, sequentially deal- 
ing with (1) the historical background and clinical descrip- 
tion of CPS, (2) behavioral issues, (3) anatomy and physi- 
ology, (4) pharmacology, and (5) treatment modalities 
relevant to CPS. Most chapter bibliographies contain refer- 
ences from 1987 onward, so the book reflects contemporary 
analysis. Unfortunately, as in many multiauthored texts, 
writing styles vary from chapter to chapter. On the other 
hand, there is little redundancy which is also often seen in 
multiauthored texts. Tables and figures are supportive of 
the text with a fair representation of original figures. The 
book may be considered to be a bit overpriced. 

Though an important work, this book will be of minimal 
interest to the practicing anesthesiologist. For those prac- 
ticing pain management, the book is an excellent resource. 
Unless the anesthesiology-based practitioner has a keen 
interest in neuropathic pain, the book will seem a bit too 
overbearing. Similarly, fellows and those in-training will 
find many aspects of the book to be a bit arcane. 

In summary, this text is an important statement of the 
current understanding of CPS. As the book is written 
mainly by neurologists, neurophysiologists, and neurosur- 
geons, its content and writing style may be of only passing 
interest to the practicing anesthesiologist. For the academic 
anesthesiologist involved in pain management, the book is 
an excellent resource on a specialty topic. Be forewarned, 
however, this book is not for the uninitiated. 


F. Michael Ferrante, MD 
Brigham and Women’s Hospital 
Harvard Medical School 
Boston, Massachusetts 
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The ASA Task Force on Practice Parameters for Difficult Airway Manage- 
ment seeks input from anesthesiologists who will be attending the [ARS 
Meeting in San Francisco. The Task Force is developing a set of practice 
guidelines for management of the patient with a difficult airway. 


An open forum will be held at this meeting on March 14, 1992 from 1:30 pm 
to 5:00 pm. You are encouraged to review the practice guidelines at this forum 
and to comment publicly or by talking to individual members of the Task 


Force who will be present. 


After the forum you are encouraged to provide written comments to: 
Robert A. Caplan, mp, Virginia Mason Medical Center, Department of 
Anesthesia, B2-AN, P. O. Box 900, Seattle, WA 98111. FAX Number (206) 
223-6982. | 
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Errata 


Monk TG, Bouré B, White PF, Meretyk 5, Clayman RV. Comparison of 
intravenous sedative-analgesic techniques for outpatient immersion litho- 
tripsy. Vol. 72, No. 5, May 1991, p. 619. 


The data points in Figure 1B were incorrectly labeled. A correct version of the 
figure is given below. 


-à 
-à 
ham 





MEAN ARTERIAL PRESSURE (mm Hg) 
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Fi 1. A, Perioperative mean arterial blood pressures in pa- 
Beas receiving either fentanyl-propofol (FP), n = 26 (--O—), or 
midazolam-alfentanil (MA), n = 27 (—-@—). B, Heart rate values in 
patients receiving either fentanyl-propofol (FP), n = 26 (—O—) or 
midazolam-alfentanil (MA), n = 27 (—@—). Mean values + SEM, 
*P < 0.05 was considered to be statistically significant. HA, in 
preoperative holding area; IND, after the loading dose; END, at 
end of the ESWL procedure; PACU, in postanesthesia care unit. 


Beebe DS, Belani KG, Mergens P, Liao J-C, So SKS, Najarian JS, Palahniuk RJ. 
Anesthetic management of infants receiving an adult kidney transplant. 
Vol. 73, No. 6, December 1991, p. 728. 


Table 4, first column, fifth entry should read “Creatinine” not “Chromium.” 


EDITORIALS 


The Origins of the Association of 


University Anesthesiologists 


William K. Hamilton, MD 


school of Medicine, University of California, San Francisco, California 








non that men band together—to form groups that 

can promote or defend more effectively than could 
be accomplished as individuals. It may also be a 
logical extension of this evolutionary process for 
them to split again from earlier and larger groups to 
focus more finely on special interests. Organized 
medicine and its continuing splintering and subspe- 
cialization is an example of this continuing evolution- 
ary pattern. Dr. E. M. Papper (1) reports this histor- 
ical practice in microcosm in the pleasant recounting 
of the conception, gestation, and birth of the Associ- 
ation of University Anesthesiologists (AUA). 

A story of four concerned men who battled for 
cause is told to us in “The Origins of the Association 
of University Anesthesiologists.” The triggering 
cause is perceived oppression of university anesthe- 
siologists by the private sector of the specialty. The 
subject in question was “how physicians should be 
paid for their professional services with special em- 
phasis on institutional salaries.” 

Why did this group of four feel so strongly the 
need to separate from the main organization, Amer- 
ican Society of Anesthesiologists (ASA), which itself 
was only recently formed to further the causes of the 
young and growing specialty? Why did a separate 
association appear so desirable to them? Was the 
motivating drive really one of personal ego? Was it 
arrogance? Was it elitism in a university community 
that preferred to deal only with “higher” matters 
such as research and wanted to be a more select and 
prestigious organization? Could it not be argued that 
the policies of the ASA, which the new group ab- 
horred, could be better dealt with from within the 
ASA than as a fledgling group on the outside? These 
questions seem even more interesting as the devel- 
oping history indicates that the specific inciting cause 
disappeared from the AUA agenda immediately. 

Of course, no answer is possible, but history will 


| is understandable as an evolutionary phenome- 


Accepted for publication November 19, 1991. 
Address correspondence to Dr. Hamilton, School of Medicine, 
University of California, San Francisco, CA 94143-0410. 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


support that the main driving force resulting in the 
creation of the AUA must have been more than the 
payment issue. This subsequent history reveals fur- 
ther division even within the academic group. Very 
soon after the AUA was functioning, a group from 
the southeastern United States formed their own 
group of university Anesthesia Department Chairs 
and convinced the rest of the country that a nation- 
wide Society of Academic Anesthesia Chairmen 
would be of benefit. Ostensibly, this group would 
deal only with administrative matters—those items 
worthy only of chairs’ talents—above the interests 
and abilities of ordinary faculty. There is now a 
separate Program Directors group to bring the virtues 
of organization to non-university-based residency 
training program departments, which had been spe- 
cifically and vigorously excluded from the Society of 
Academic Anesthesia Chairmen. 

The divide and subdivide course of anesthesia 
parallels a course of almost all specialties in medicine. 
Division has occurred along many lines of special 
interests be it administration, subspecialty practice, 
research, type of practice, etc. The organizations are 
of course matched with new journals and new meet- 
ings and new trappings of membership and offi- 
cialdom. This again suggests that something other 
than a specific cause was the genesis of the AUA and 
similar societies. The cause served as a focal point to 
bring the founding four together and to spur them to 
action. However, it seems likely that such a group 
wanted and needed to be formed for whatever cause. 
The pay issue was never a major item of action or 
agenda of the AUA, and its solution was well under- 
way before the AUA was actually functioning. 

There are interesting memories surfaced by Dr. 
Papper’s treatise. Those of us born and reared in the 
Midwest and West will recognize at least some cause 
for our paranoia relative to the eastern seaboard. 
Philadelphia, Boston, and New York were the loca- 
tions of the founding four. This can easily be ex- 
pected by the demographics and history of our coun- 
try at that time. However, the preference (Papper 
excepted) for a very small group, definition of the 
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eastern seaboard as a membership qualification, and 
suggestion of specific exclusion of some departments 
from the Midwest and West with early inclusion of 
eastern departments without remarkable research 
activities is of interest as one explores motivations of 
the founders. ` ` be, fe 

Another item of intérest disclosed in this story is 
the degree of foment exhibited by Henry K. Beecher. 
This man’s scholarship and contributions to the spe- 
cialty are remarkable. His role in developing our 
research discipline is perhaps unequaled. However, 
he had then and much later a continuing adversity to 
the ASA and the American Board of Anesthesiology. 
His famous “curare death study” was an important 
part of the agenda at the January 1955 meeting of the 
AUA, and much discussion was critically pointed to 
the fact that Beecher published this in a surgical 
journal and reported it at a national surgical meeting, 
actually shunning his peers in anesthesia. He stead- 
fastly refused to participate in the activities of the 
American Board of Anesthesiology. Thus the pay 
issue was not his only argument with the specialty, 
and the formation of the AUA did not alleviate his 
unhappiness with “the establishment.” Of more in- 
terest than value is the recollection of minor develop- 
mental events not mentioned by Dr. Papper. AUA 
meetings were first held in January to minimize 
conflict with the busy national calendar. However, 
fate was against this idea. January is a good month to 
meet, but a bad month to travel. This was especially 
true in those times of less dependable air travel. 
There was even heavy snow in Durham, North 
Carolina in January of 1955. Subzero cold and wind 
chilled the group in Rochester and Minneapolis in 
January of 1956. Torrential downpours greeted us in 
New Orleans, Louisiana and Augusta, Georgia at 
later meetings, and thus the meetings dates were 
changed. The Association originally met in hospital 
and medical school facilities to actually view depart- 
ments in their home environment. Whether because 
of size or unwillingness to meet in such spartan 
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surroundings, the meetings soon moved to more 
comfortable surroundings. 

What has been the effect of formation of the AUA? 
Dr. Papper informs us that the AMA never really 
implemented the dreaded Hess report and replaced it 
with a more tempered action. The American Board of 
Anesthesiology eliminated many of its restrictions for 
certification by 1953. The ASA and AUA have seldom 
if ever been in conflict and have evolved a symbiotic 
relationship in which the ASA has emerged as very 
helpful to the university community. 

The feared exploitation of university faculties by 
university hospitals and similar institutions did not 
grow. As a matter of fact, university hospitals were to 
some extent at considerable disadvantage because of 
the shortage of academic anesthesiologists. Did the 
ASA stand help the specialty in this position? Was 
the ASA position stronger because of the cooperation 
that developed from the AUA? Would these good 
things have happened without the formation of the 
AUA? Were the actions of the founding four impor- 
tant in attenuating restrictive actions of organized 
medicine? 

Has the AUA proved to be the voice of academe in 
our specialty? Have advances or improvements in our 
function as teachers, researchers, clinicians, or ad- 
ministrators been enhanced because of the AUA? The 
AUA has certainly been a pleasing and entertaining 
gathering for each of its years—is this its greatest 
achievement? If so, is this necessarily bad? Solid 
answers are missing but most of us would agree we 
benefitted from shared experiences and opinions. For 
this we are now and forever indebted to the 
founders. We are especially thankful that the sole 
surviving member of the founding four has presented 
this precious parcel of our history. 
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nology, economic constraints, shifting demo- 

graphics, the medico-legal climate, and the 
heterogeneity of mores within our society have led to 
an abundance of ethical dilemmas involving health 
care delivery during the last several years (1). This 
seemingly exponential increase in medical ethics con- 
cerns has been reflected in a voluminous literature in 
the lay and medical press and the acceptance of 
‘Medical Ethics” as a discipline in the sphere of 
academic medicine. 

Coincidentally, anesthesiology has experienced a 
parallel and concurrent meteoric increase in the ranks 
of clinical medicine and academics. With its progres- 
sive involvement and leadership in areas such as 
critical care medicine and palliative care (i.e., pain 
management), the anesthesia literature has been re- 
markably barren of contributions pertaining to ethical 
quandaries. This silence was broken by Martin et al.’s 
(2) discussion of “Do Not Resuscitate’” (DNR) orders 
in this journal, which was recently preceded by the 
article authored by Truog (3) in Anesthesiology. They 
elaborate and help to clarify the oftentimes murky 
and potentially disquieting issues that can arise while 
caring for patients who are high-risk surgical candi- 
dates with this advanced directive. They point out 
the important role that the anesthesiologist must 
serve in preoperative planning and counseling for 
patients (or their representatives) who have such 
directives. These contributions were certainly timely 
and helpful in their particular content. Moreover, 
they serve to point out one of the many seemingly 
hidden, yet immeasureably important, issues that 
routinely confront anesthesiologists. The context in 
which we practice medicine is as relevant as the 
medical expertise that we have to offer. This is what 
society is telling us. How do we take responsibility 
for this charge (4)? What makes the practice of anes- 
thesiology unique in this way as a medical specialty? 


C onflicts resulting from rapidly advancing tech- 
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General codes of conduct for physicians and even 
a specific ethical code that guides the professional 
actions and relationships of anesthesiologists are em- 
bodied, for instance, in The Hippocratic Oath, The 
World Medical Association Declaration of Geneva, 
The American Medical Association Principles of Med- 
ical Ethics, and The American Society of Anesthesi- 
ologists Guidelines for the Ethical Practice of Anes- 
thesiology. These works, although punctuated with 
the flavor of their own particular historical origins, 
serve as the formal response to the need for a 
“universal” ethic. In sum, they assign the physician 
(anesthesiologist) a set of “behavioral” standards and 
help to define what that generally means. They do 
not direct the physician to challenge his or her own 
values (vis-a-vis those of the patient), and they do not 
charge the physician with formalizing his or her 
professional training with a structured means of 
recognizing, exploring, and resolving ethical dilem- 
mas when they arise. . | 

The practice of anesthesiology is virtually always a 
team effort. Although the “captain of the ship” 
doctrine has some historical legal force and some 
practical value when rapid, critical decisions are re- 
quired, there is no real ethical basis for this (tradi- 
tional) assignment of hierarchical responsibility be- 
tween, say, surgeons and anesthesiologists (5). Using 
the surgeon-anesthesiologist paradigm, if the anes- 
thesiologist knowingly or unconsciously yields moral 
authority during any phase of a case to the surgeon, 
he or she has ceased to be a physician in the whole 
sense (6) and has not maintained his or her implicit 
contract with the patient. Perhaps there are circum- 
stances that warrant this, but as an a priori “given,” 
this requires some exploration. I submit that, based 
on the published literature, there is little guidance to 
be had in the form of conscious recognition and 
purposeful reconciliation of the difficulties inherent 
in this relationship (the ‘““‘physician—patient relation- 
ship”). This type of conflict has been referred to in 
other areas of health care as the “Ethics of Interde- 
pendence” (7). A more palatable and practical termi- 
nology apropos to anesthesia practice might be the 
“responsibilities of shared care.” 
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The DNR scenarios elaborated by Martin et al. (2) 
represent one of many potentially difficult situations 
encountered by anesthesiologists in all types of prac- 
tice. For example, how does the anesthesiologist 
become involved in the informed consent process 
leading to an operative delivery of a probably unsal- 
vageable neonate? The desire to get along and a spirit 
of cooperation are laudable characteristics and may 
help to keep strife at bay. However, and more real- 
istically, as various members of the “care team” 
become more sensitive to ethical issues and the more 
assertive the public becomes in their demands for 
consideration of their values and autonomy, the 
necessity for constructive approaches to conflict res- 
olution will become obvious, if, indeed, it already 
hasn’t. Denial, avoidance, hidden resentment, and 
shifting of blame are reflexive but seldom productive 
defenses against controversy and change. I propose 
that a proactive course would best serve to support 
the professionalism, integrity, and leadership that 
our specialty has worked for in so many other do- 
mains. Indeed, the roots of such thinking reach 
deeply into our professional origins. 

We can discover one source by returning to the 
focal article of this editorial. Martin et al. (2) begin 
their paper with a quotation from Wesley Bourne’s 
“On the Duties of the Anaesthesiologist as a Physi- 
cian” (8). These authors’ choice of whom to quote is 
quite poignant and appropriate in the present con- 
text. Bourne says that “The patient is not a problem; 
he is a person with a problem.” He attributes good- 
ness in a physician to that quality described in Im- 
manuel Kant’s second maxim: “Act so as to treat 
humanity, whether in thine own person or in the 
person of another, always as an end, never as a 
means only.” Bourne goes on to draw upon the now 
famous statement of Francis Peabody while address- 
ing Harvard medical students: “One of the essential 
qualities of the clinician is interest in humanity, for 
the secret of the care of the patient is in caring for the 
patient.” Of significance, Wesley Bourne, MD, a 
Canadian, was president of the International Anes- 
thesia Research Society for two terms (1925 and 1940) 
and served as the only non-American president of the 
American Society of Anesthesiologists. So, with all of 
this philosophy and history setting the stage, how do 
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we actually move toward that lofty place to which we 
are directed? 

First, just as there is not yet a single, perfect 
anesthetic technique, it must be acknowledged that 
no one has a corner on the market for “morality” or 
“ethical rightness.” Then, just as we arm ourselves 
with well-constructed arguments (based on the 
“known,” the “probable,” and the “unknown”) for 
choosing a specific anesthetic technique in a difficult 
clinical situation, a similar approach is needed in 
facing clinical ethical dilemmas. This requires a fund 
of knowledge and a structured approach to sorting 
out the issues. Armed with these tools, then one 
might consider oneself to be both responsible and 
entitled to an opinion. It is time, now, to integrate 
such material into residency training and our profes- 
sional society meetings while taking some personal 
responsibility for informing ourselves. We can then 
be prepared to address cases that come to the fore in 
a rigorous manner—and we need to do so, honing 
our skills on a regular basis, in all practice settings. It 
would be a good beginning. 
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Comparative Hemodynamic Depression of Halothane 
Versus Isoflurane in Neonates and Infants: An 


Echocardiographic Study 
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The purpose of this study was to measure and 
compare the relationship of cardiovascular depres- 
sion and dose during equal potent levels of halothane 
and isoflurane EE in neonates (n = 19) (16.7 + 
6.9 days) and infants (n = 54) (6.1 + 3.1 mo). 
Seventy-three children had heart rate, arterial blood 
pressure, and pulsed Doppler pulmonary blood flow 
velocity as well as two-dimensional echocardio- 
graphic assessments of left ventricular area and 
length recorded just before anesthesia induction. 
Anesthesia was induced by inhalation of increasing 
inspired concentrations of halothane or isoflurane in 
oxygen using a pediatric circle system and mask. 
During controlled ventilation, halothane and isoflu- 
rane concentrations were adjusted to maintain 
1.0 MAC and then 1.5 MAC (corrected for age), and 
echocardiographic and hemodynamic measurements 
were repeated. A final cardiovascular measurement 
was recorded after intravenous administration of 
0.02 mg/kg of atropine. All measurements were com- 
pleted betore tracheal intubation and the start of 
elective surgery. In neonates, 1.0 MAC concentra- 
tions of halothane and isoflurane decreased cardiac 
output (74% + 16%), stroke volume (75% + 15%), 
and ejection fraction (76% + 15%) similarly from 
awake levels. Decreases in cardiac output, stroke 
volume, and ejection fraction with halothane and 
isoflurane were significantly larger at 1.5 MAC 


omparative in vitro and in vivo cardiovascular 
studies in young versus older animals indicate 
that the immature, developing cardiovascular 
system is more sensitive to depression by inhaled 
anesthetics (1-5). Cardiovascular sensitivity is cited 
as a contributing factor to a higher incidence of 
anesthesia-related human cardiac arrests during in- 
fancy (6-8). The increased incidence of bradycardia, 
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(~35% decreases from awake values) than at 
1.0 MAC. Heart rate decreased significantly during 
1.5 MAC halothane anesthesia (94% + 4%) but re- 
mained unchanged during isoflurane anesthesia. In 
infants, 1.0 MAC halothane and isoflurane decreased 
cardiac output (83% + 12%), stroke volume (78% + 
12%), and ejection fraction (74% + 12%) when com- 
pared with awake measures. Heart rate decreased 
during 1.0 MAC halothane anesthesia but increased 
during 1.0 MAC isoflurane. When anesthetic concen- 
trations were increased to 1.5 MAC, stroke volume 
(71% + 12% of awake) and ejection fraction (64% + 
13% of awake) decreased similarly from the 1.0 MAC 
measurement in both groups. When compared with 
1.0 MAC, heart rate decreased further at 1.5 MAC 
halothane anesthesia (80% + 5% of awake) but re- 
mained unchanged during 1.5 MAC isoflurane anes- 
thesia (106% + 4% of awake). Atropine (0.02 mg/kg) 
increased heart rate and cardiac output by 15%-20% 
from measurements at 1.5 MAC halothane and iso- 
flurane anesthesia in neonates and infants, but stroke 
volume and ejection fraction remained unchanged 
from measurements before atropine administration in 
both groups. Equipotent halothane and isoflurane 
produced similar hemodynamic depression in neo- 
nates and infants. 

(Anesth Analg 1992;74:329-37) 


hypotension, and cardiac arrest in infants less than 
12 mo of age when compared with adults suggests 
hemodynamic sensitivity to inhaled anesthetics ex- 
tends from birth throughout the first year (6-11). 
Neonates are believed to be the most susceptible to 
hemodynamic depression from inhaled anesthetics, 
but major surgery during the neonatal period may 
also contribute to the increased incidence of anesthe- 
sia-related complications (11). 

Most clinical studies in pediatric patients that re- 
port greater hemodynamic sensitivity are based on 
cardiovascular measures at stable inspired halothane 
or isoflurane concentrations rather than end-tidal 
concentrations (12-14). The purported sensitivity of 


Anesth Analg 1992;74:329-37 329 


330 PEDIATRIC ANESTHESIA MURRAY ETA 


HEMODYNAMIC DEPRESSION DURING ANESTHESIA IN NEONATES AND INFANTS 


neonates and infants to inhaled anesthetics may be a 
function of uptake and distribution differences rather 
than greater susceptibility to myocardial depression 
(15). When equal inspired concentrations of halothane 
and isoflurane are administered, higher partial pres- 
sures of volatile anesthetics in brain and myocardium 
are more rapidly achieved in neonates and infants 
than adults because of a relatively larger vessel-rich 
tissue group and lower volatile anesthetic tissue 
solubility in the young compared with the adult 
(15,16). 

In neonates and infants, heart rate and systolic 
blood pressure measurements at 1.0 MAC halothane 
anesthesia do not confirm speculations of increased 
hemodynamic sensitivity (17). When additional car- 
diovascular determinants have been measured dur- 
ing equal MAC halothane or isoflurane administra- 
tion, the study population included older infants and 
small children (mean age = 12 mo) (18). The purpose 
of this study was to obtain dose-response measures 
of hemodynamic depression and to compare the 
cardiovascular changes at equipotent (equal MAC) 
concentrations of halothane versus isoflurane in sep- 
arate groups of healthy neonates (<28 days) and 
infants (<1 yr of age). 


Methods 


Seventy-three ASA physical status I neonates (n = 19) 
and infants (n = 54) who required elective surgery 
were studied after the protocol was approved by the 
Human Studies Committee. Informed written paren- 
tal consent was obtained. The neonates (mean age, 
16.6 + 6 days; mean weight, 3.2 + 4 kg) and infants 
(mean age, 6.1 + 2.4 mo; mean weight, 7.4 + 1.5 kg) 
received no anesthetic premedicants and were NPO 
for 4 h preoperatively. All neonates and infants 
included in the study were 38 wk or more by gesta- 
tional assessment at birth and had no neurologic, 
respiratory, or cardiovascular diseases. The planned 
neonatal operations included cataract extraction (n = 
7), urologic procedures (n = 5), and lower abdominal 
surgery (n = 7). Operations in infants included in- 
guinal herniorrhaphy (n = 11), orthopedic proce- 
dures (n = 11), urologic operations (n = 16), and cleft 
lip or palate repairs (n = 16). 

Parents accompanied their children to a preanes- 
thetic care unit where baseline cardiovascular data 
were recorded. Heart rate by electrocardiogram 
monitoring, blood pressure by automated oscilloton- 
ometry (Omega 1600) and pulsed Doppler and 
two-dimensional echocardiographic data (Hewlett- 
Packard Sonos 500) were collected at each study 
period. Echocardiographic data obtained in every 
patient included short axis views at the high left 
ventricular papillary muscle and great vessel level 
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plus apical four-chamber views of the myocardium. 
After the heart and great arteries were imaged, Dopp- 
ler flow velocities were obtained from the pulmonary 
artery immediately above the pulmonic valve. Sam- 
ple volumes were positioned to measure maximal 
flow velocities. The audio signal intensity and Dopp- 
ler shift frequency spectral displays were used to 
confirm positioning for maximal pulmonary artery 
blood flow velocities. Peak velocity was measured to 
the apex of the most dense signal on the velocity 
curve. Three beats were averaged. The Doppler 
profile was continuously updated using two- 
dimensional images. Simultaneous electrocardio- 
graphic tracings were displayed on a monitor and 
recorded on videotape. Selective frozen images were 
recorded on videotape for later analysis and measure- 
ment. 

Neonates and infants were alternatively assigned 
to either halothane (n = 38) or isoflurane (n = 35) 
study groups after the baseline cardiovascular mea- 
surements. Using 3-5-L/min oxygen flow, anesthesia 
was induced with inspired increments of halothane 
or isoflurane administered via Rendell-Baker mask 
and pediatric circle system. The inspired isoflurane 
and halothane increments were 0.2%. If breathhold- 
ing or coughing occurred during induction of anes- 
thesia, the inspired anesthetic concentration was ei- 
ther decreased or held constant until a regular 
ventilatory pattern was reestablished. None of the 
patients required additional intervention to treat air- 
way irritability. During inhaled induction of anesthe- 
sia, the maximum inspired concentrations of 
halothane and isoflurane administered were 2.0 and 
3.0 vol%, respectively. Monitoring during anesthesia 
included precordial stethoscope, pulse oximetry, 
electrocardiogram, and automated noninvasive blood 
pressure (Omega 1600). After loss of consciousness, 
ventilation by mask was controlled with respiratory 
rates from 16-25 breaths/min. Anesthetic gas concen- 
trations and carbon dioxide concentrations were mea- 
sured from gas samples continuously aspirated 
(60 mL/min) from an elbow connector attached to the 
Rendell-Baker mask. Capnograms as well as inspired 
and expired gas concentrations (oxygen, nitrogen, 
halothane, and isoflurane) were recorded every 
minute using a printer interfaced with a Perkin Elmer 
mass spectrometer. End-expired concentrations of 
halothane and isoflurane were recorded when an 
alveolar plateau of greater than 0.2 s was achieved 
during the study period and a CO, waveform lasted 
longer than 0.6 s (19). 

After anesthesia induction, inspired MAC anes- 
thetic concentrations were adjusted to maintain end- 
expired concentrations at 1.0 MAC (adjusted for agé) 
(17,20). When the inspired and expired concentra- 
tions of halothane and isoflurane had been stable for 
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Table 1. Anesthetic Concentrations in Neonates and Infants 
1.0 MAC (vol%) 





1.5 MAC (vol%) 





Group Expired Inspired Expired Inspired 
Neonates (n = 19) 
Halothane (n = 10) 0.89 + 0.04 1.10 + 0.09 1.32 + 0.05 1.55 + 0.10 
Isoflurane {n = 9) 1.52 + 0.18 1.86 + 0.09 2.18 + 0.13 2.54 + 0.23 
Infants (n = 54) 
Halothane (n = 28) 1.12 + 0.08" 1.38 + 0.14" 1.59 + 0.18" 1.97 + 0.257 
Isoflurane (n = 26) 1.77 + 0.08" 210 20.10" 2.59 + 0.20" 3.14 + 0.13" 





Values are reported as mean + sp. The inspired and expired halothane and isoflurane concentrations are higher in infants than neonates. 


“Different from neonate values (P < 0.01). 


10 min at the 1.0 MAC concentration {20 min after the 
induction of anesthesia), a second set of cardiovascu- 
lar data was collected over a 2-min period. Anesthetic 
depth was then gradually increased to achieve end- 
expired concentrations of halothane or isoflurane 
equivalent to 1.5 MAC. When constant end-expired 
and inspired halothane or isoflurane concentrations 
had been recorded for 6 min (approximately 10 min 
after the 1.0 MAC measurement), a third set of 
cardiovascular data was collected over a 2-min pe- 
riod. After the measurement at 1.5 MAC, an intrave- 
nous dose of atropine (0.02 mg/kg IV) was adminis- 
tered and, 2 min later, a final cardiovascular 
measurement was made again at 1.5 MAC halothane 
or isoflurane anesthesia. Ventilation was controlled 
throughout the study period, intravenous fluids were 
withheld, and all cardiovascular measurements were 
completed before tracheal intubation and the start of 
elective surgery. The duration of the study period 
from start of anesthesia induction to study comple- 
tion was 40 min. 

The echocardiographic technician and pediatric 
cardiologist were blinded to the inhaled anesthetic 
used during the study. Videotaped recordings of 
pulsed Doppler and two-dimensional echocardiog- 
raphy were analyzed using a microsonic CAD-886 
image processing and video quantifications system 
(Microsonics, Inc., Indianapolis, Ind.). Left ventricu- 
lar endocardial enclosed volumes were measured 
separately at end-diastole and end-systole from two 
orthogonal planes: parasternal short axis and apical 
four-chamber views. Images were traced along the 
endocardium utilizing the leading edge method (21- 
23). Two-dimensional recordings of left ventricular 
area at papillary muscle level and left ventricular 
length at end-systole and end-diastole were used to 
calculate left ventricular end-systolic and left ventric- 
ular end-diastolic volumes at each study level (21-23). 
Volume was calculated as 


Volume = ; Area X Length. 


The Doppler-determined mean velocities of pul- 
monary artery blood flow and echocardiographically 
determined pulmonary artery diameters were used to 
calculate cardiac output. Cardiac output was deter- 
mined as mean pulmonary blood flow velocity x 
pulmonary artery area (24-26). 

All data are reported as mean + sp and were 
analyzed using randomized block analysis of variance 
with factors being age (neonates and infants), anes- 
thetic agents (halothane and isoflurane), and drug 
concentrations (awake, 1.0 MAC, and 1.5 MAC and 
1.5 MAC with atropine). Bonferroni adjustments 
were made based on the multiple comparisons. Sig- 
nificance was accepted at P < 0.05. When significant 
interaction was present, follow-up comparisons were 
made and corrected using Duncan’s procedure. 


Results 
Neonates 


The mean age (13.7 + 6 days), weight (3.1 + 0.4 kg), 
and body surface area (0.22 + 0.01 mî) of neonates 
who received halothane (n = 10) was similar to the 
mean age (19.6 + 7 days), weight (3.1 + 0.2 kg), and 
body surface area (0.21 + 0.01 m°) of neonates who 
received isoflurane (n = 9). 

The 1.0 MAC anesthetic concentration recorded 
during cardiovascular measurements was 0.89 + 
0.04 vol% during halothane and 1.52 + 0.18 vol% 
during isoflurane (Table 1). The mean end-tidal CO, 
recorded during the study period was similar in both 
groups (29 + 6 mm Hg). During the study period, 
end-expired CO, varied by a maximum of + 6 mm Hg 
in individual patients from the mean end-expired 
CO, recorded during 1.0 MAC halothane or isoflurane. 

At 1.0 MAC halothane and isoflurane in neonates, 
heart rate was unchanged from awake measurements 
(Table 2). Decreases in cardiac output (Figure 1), 
stroke volume (Figure 2), and percent change in 
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Table 2. Neonatal Cardiovascular Data 
1.5 MAC 
+ 
Awake 1.0 MAC 1.5 MAC atropine 
HR (beats/min) 
Halothane 144.4 + 15.6 143.1 + 13.1 134.9 + 16.9°Ż 153.9 + 10.4% 
Isoflurane 154.4 + 12.8 152.7 + 29 154 + 23.7 177.2 + 17.3* 
MBP (mm Hg) 
Halothane 58.8 + 4.1 50.3 + 3.4" 45.5 + 3.9 48.9 + 3.87 
Isoflurane 67.0 = 5.8 56.7 + 7.1" 50.7 = 7.0 52.7 + 9.7 
CI (Lemin t-m?) 
Halothane 3.70 = 1.15 2.71 + 0.8 2.17 = 0.75" 2.62 + 0.75" 
Isoflurane 3.97 + 1.14 2.92 + 0.484 2.72 + 0.44" 3.50 + 0.928 
SVI (mL/m?) 
Halothane 26.0 + 8.9 19.1 + 6,4" 16.3 + 4.9 17.4 + 5.6" 
Isoflurane 25.8 + 7.3 19.6 + 4.1" 18.4 + 5.9% 20.1 + 5.3° 
LVEDV (mL) 
Halothane 6.0 + 1.9 5.9 + 1.4 5.6 + 1.4 5.8 4 1.4 
Isoflurane 7.1 + 2.0 7.0 + 1.4 7.0 1.3 7.11.3 


HR, heart rate; MBP, mean arterial blood pressure; CI, cardiac index; SVI, stroke volume index; LVEDV, left ventricular end-diastolic volume. 


Results are expressed as mean + sp. 
“Different from awake values (P < 0.05). 
Different from isoflurane values (P < 0.05). 


Cardiac 


Output 
lemin“! 





Awake 1.0 MAC 1.6 MAC 1.5 MAC 
+ Atropine 


Figure 1. Cardiac output in neonates (0, halothane; O, isoflurane) 
and infants (W, halothane; @, isoflurane). Results are expressed as 
mean + sp. *P < 0.05 from awake. 


ejection fraction (Figure 3) and mean arterial blood 
pressure were also similar at 1.0 MAC halothane and 
isoflurane anesthesia. When cardiac output and 
stroke volume are indexed to body surface area, 
cardiac index and stroke volume index decreased 
similarly at 1.0 MAC halothane and isoflurane (Table 
2). Left ventricular end-diastolic volume was un- 
changed during the study period (Table 2). 

When anesthetic concentrations were increased to 
1.5 MAC halothane and isoflurane in neonates, 
stroke volume and ejection fraction decreased further 
(Figures 2 and 3). Heart rate decreased during 
1.5 MAC halothane but remained unchanged during 
isoflurane anesthesia. Cardiac output and stroke vol- 


Stroke 
Volume 
mie beat”! 





Awake 1.0 MAG 1.5 MAG 1.5 MAC 
+ Atropine 


Figure 2. Stroke volume in neonates (C, halothane; O, isoflurane) 
and infants (W, halothane; @, isoflurane). Results are expressed as 
mean + sp. *P < 0.05 from awake. 


ume decreased to 59% + 21% and 63% + 21% of 
awake measurements with 1.5 MAC halothane con- 
centration (Figures 1 and 2). During 1.5 MAC isoflu- 
rane, cardiac output and stroke volume were 70% + 
24% and 69% + 21% of awake values, respectively 
(Figures 1 and 2). Ejection fractions declined to 65% + 
16% and 68% + 14% of awake values during 1.5 MAC 
halothane and isoflurane, respectively (Figure 3). 
Cardiac output, stroke volume, and ejection fraction 
declined similarly during equal MAC halothane and 
isoflurane anesthesia. 

Atropine increased heart rate, cardiac index (Table 
2), and cardiac output (Figure 1). The increase in 
heart rate and cardiac output after atropine was 





+ Airopine 


Figure 3. Percentage of control ejection fraction in neonates and 
infants during halothane and isoflurane anesthesia. Results are 
expressed as mean + sp. *P < 0.05 from awake. 


similar in both halothane and isoflurane groups (Ta- 
ble 2). Stroke volumes (Figure 2) and ejection frac- 
tions (Figure 3) were unchanged after intravenous 
atropine. Although cardiac output increased after 
atropine, cardiac output remained depressed from 
awake values (Figure 1). Mean blood pressure and 
left ventricular end-diastolic volume also remained 
unchanged after atropine (Table 2). 


Infants 


The mean age (6.3 + 3.5 mo), weight (7.4 + 2.0 kg), 
and body surface area (0.40 + 0.04 m°) of infants who 
received halothane was similar to the mean age (5.9 + 
3.1), weight (7.4 + 1.5 kg), and body surface area 
(0.38 + 0.04 m?) of infants who received isoflurane 
anesthesia. At the time of the cardiovascular mea- 
surements, end-expired halothane concentrations 
were 1.12 + 0.08 vol% and 1.59 + 0.18 vol% with 1.0 
and 1.5 MAC, respectively (Table 1). Expired 
isoflurane concentrations recorded at 1.0 MAC 
and 1.5 MAC were 1.77 + 0.08 vol% and 2.59 + 
0.20 vol%, respectively (Table 1). The ratio between 
expired and inspired concentrations of halothane and 
isoflurane at the time of the cardiovascular measure- 
ments was similar for halothane and isoflurane. The 
mean expired CO, measured during the study period 
was 32.2 + 4.1 mm Hg. In each patient, variation in 
expired CO, during the entire study period was 
+4 mm CO, . 

The awake cardiovascular measurements of heart 
rate, mean blood pressure, cardiac output, stroke 
volume, and left ventricular end-diastolic volume 
were similar in both infant groups (Table 3). During 
halothane anesthesia, heart rate decreased in a dose- 
related manner to 93% + 5% and 85% + 5% of awake 
at 1.0 MAC and 1.5 MAC, respectively (Table 3). 
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During isoflurane anesthesia, heart rate increased 
similarly at 1.0 and 1.5 MAC concentrations (106% + 
7% of awake) (Table 3). Although halothane and 
isoflurane had different effects on heart rate, there 
were no other hemodynamic differences between equal 
MAC concentrations of the two volatile anesthetics. 
When cardiac output and stroke volume were indexed 
to body surface area, cardiac index and stroke volume 
index (Table 3) decreased similarly during halothane 
and isoflurane anesthesia (83% + 12% of awake) at 
1.0 MAC and (74% + 15% of awake) at 1.5 MAC. 

Mean blood pressure and stroke volume index 
decreased further when concentrations of halothane 
and isoflurane anesthesia were increased to 1.5 MAC 
(Table 3). Stroke volumes and ejection fraction de- 
creased similarly during halothane and isoflurane 
anesthesia (Figures 2 and 3). During 1.5 MAC 
halothane, stroke volume and ejection fraction de- 
creased to 70% + 15% and 62% + 16% of awake 
values, respectively (Figures 2 and 3). Stroke volume 
and ejection fraction decreased to 72% + 15% and 
65% + 14% of awake values, respectively, at 1.5 MAC 
isoflurane (Figures 2 and 3). The 1.0 and 1.5 MAC 
halothane and isoflurane concentrations increased 
left ventricular ‘end-systolic and end-diastolic vol- 
umes similarly in both groups. 

After atropine (0.02 mg/kg) administration, cardiac 
output increased similarly during halothane and iso- 
flurane anesthesia (Figure 1). Heart rate increased 
after atropine. In infants maintained at 1.5 MAC 
concentrations of halothane, heart rate increased 
(27% + 8%) more than during isoflurane anesthesia 
(12% + 5%) (Table 3). Stroke volume and ejection 
fraction were unchanged from values recorded at 
1.5 MAC (Figures 2 and 3). The increased heart rate 
after atropine was higher than awake heart rates in 
both groups (Table 3). 


Neonates Versus Infants 


The expired and inspired halothane and isoflurane 
concentrations required in infants to achieve 1.0 and 
1.5 MAC were significantly higher than in neonates 
(Table 1). Equal MAC halothane and isoflurane con- 
centration led to similar decreases in cardiac output, 
blood pressure, stroke volume, and ejection fraction 
in neonates and infants. When cardiac output and 
stroke volume were indexed to body surface area, 
cardiac index and stroke volume index decreased 
similarly in neonates and infants (Tables 2 and 3). The 
only hemodynamic differences between neonates 
and infants at equal anesthetic concentrations of 
halothane or isoflurane were changes in heart rate 
and left ventricular end-diastolic volume. Heart rate 
decreased more in infants than neonates during 
halothane anesthesia. At 1.5 MAC halothane, heart 
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Table 3. Infant (1-12 mo) Cardiovascular Data 
1.5 MAC 
+ 
Awake 1.0 MAC 1.5 MAC atropine 
HR (beats/min) 
Halothane 139 + 19 129 + 15% 120 + 17” 154 + 18%? 
Isoflurane 139 + 13 148 + 18° 151 + 16" 169 + 17 
MBP (mm Hg) 
Halothane 73.4 + 5.2 62.2 + 6.24 53.7 + 4.97 58.2 + 8.3* 
Isoflurane 73.8 + 6.5 64.8 + 9.6" 57.6 + 8.0 56.9 + 10.7" 
CI (L-min7?-m7?) 
Halothane 3.35 + 0.89 2.72 + 0.6% 2.36 + 0.61" 2.16 + 0.59“ 
Isoflurane 3.15 + 0.54 2.84 + 0.49" 2.45 + 0.36° 2.82 + 0.49" 
SVI (mL/m?) 
Halothane 23.3 + 5.8 19.9 + 5.1° 17.5 + 4.5" 15.5 + 5.6* 
Isoflurane 22.7 + 3.3 19.3 + 3.7" 16.9 + 2.8" 16.8 + 2.7 
LVEDV (mL) 
Halothane 11.8 + 3.3 13.5 + 3.1" 14.1 + 3.8" 13.9 + 3.3" 
Isoflurane 12.7 + 4.1 13.0 + 4.0 14.1 + 4.1% 14.5 + 4.4" 


HR, heart rate; MBP, mean arterial blood pressure; CI, cardiac index; SVI, stroke volume index; LVEDV, left ventricular end-diastolic volume. 


Results are expressed as mean + $p. 
“Different from awake values (P < 0.05). 
"Different from isoflurane values (P < 0.05). 


rate decreased to 85% + 10% of awake in infants, 
whereas in neonates at 1.5 MAC halothane, heart rate 
decreased to 94% + 6% of awake. Isoflurane in- 
creased heart rate in infants (106% + 6% of awake) 
but not in neonates. The mean increase in heart rate 
(20%) after atropine was similar in neonates and 
infants, but in infants who received halothane, heart 
rate increased 27% + 6%, whereas during isoflurane 
anesthesia the increase in heart rate was 12% + 6%. 
Left ventricular end-diastolic volume increased in 
infants but was unchanged in neonates (Tables 2 
and 3). 


Discussion 


In neonates, the similar changes in cardiac output, 
stroke volume, ejection fraction, and end-diastolic 
volume suggest that contractility and preload are 
similarly affected during equal MAC halothane and 
isoflurane anesthesia. The similar effect of the two 
anesthetics on mean arterial blood pressure and left 
ventricular end-systolic volume indicates peripheral 
vascular changes are also similar during equal MAC 
halothane and isoflurane anesthesia. Mean arterial 
blood pressure and heart rate changes in this study 
were similar to findings of Lerman et al. (17) and 
LeDez and Lerman (27) when the MAC of halothane 
and isoflurane was determined in neonates and pre- 
mature infants, respectively. In an in vitro study that 
assessed contractility of newborn and young rabbit 
myocardia, Murat et al. (3) compared approximately 
equal anesthetic concentrations of halothane and 


isoflurane and found similar decreases in contractility 
with halothane and isoflurane. In newborn piglets, 
Boudreaux et al. (4) and Scheiber et al. (5) reported 
similar decreases in myocardial contractility with ap- 
proximately equally potent halothane and isoflurane 
concentrations, but isoflurane maintained cardiac 
output because of a decrease in afterload. 

In infants, the major cardiovascular difference be- 
tween equal MAC halothane and isoflurane was 
heart rate. An increased heart rate during isoflurane 
may indicate better preservation of sympathetic ac- 
tivity with isoflurane than with halothane. Alterna- 
tively, baroreceptor function may be maintained dur- 
ing isoflurane but not halothane anesthesia (28,29). 
As in the neonates, the similar changes in left ven- 
tricular end-diastolic volume, mean arterial blood 
pressure, ejection fraction, cardiac output, and stroke 
volume indicate equal MAC halothane and isoflurane 
must have similar effects on contractility and preload 
in infants. Overall peripheral vascular changes in 
infants must also be similar with halothane and 
isoflurane. In adults, isoflurane, in contrast to 
halothane, markedly increased muscle blood flow 
leading to net decreased peripheral resistance (28,29). 
The relatively smaller muscle mass and larger vessel- 
rich group in infants may lead to similar overall 
changes in blood flow to organ systems, and the net 
change in vascular resistance with halothane and 
isoflurane appears similar in infants (18). This hy- 
pothesis would need to be confirmed using a better 
assessment of peripheral vascular changes in infants 
and children. 
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Heart rate and left ventricular end-diastolic vol- 
ume were different in neonates and infants at equal 
MAC halothane and isoflurane anesthesia. The ab- 
sence of heart rate changes in neonates compared 
with infants may be a manifestation of lesser auto- 
nomic regulation of heart rate in neonates, or perhaps 
the lower end-tidal anesthetic concentrations in neo- 
nates compared with infants caused less effect on 
cardiac rate. The absence of changes in left ventricu- 
lar end-diastolic volume in neonates compared with 
infants may represent a different effect of volatile 
anesthetics on preload in the neonate, a difference in 
myocardial compliance between neonates and in- 
fants, or perhaps a greater hemodynamic effect of 
controlled ventilation in neonates. The use of con- 
trolled ventilation with large tidal volumes (end-tidal 
CO, 30 + 4 mm Hg) by impairing venous return 
might lead to decreases in left ventricular end- 
diastolic volume and a greater decrease in cardiac 
output and stroke volume in neonates and infants 
than in adults or older children (18). 

Differences in volatile anesthetic pharmacology 
between neonates, infants, and adults were not con- 
sidered in clinical studies that contend greater hemo- 
dynamic sensitivity in pediatric patients (9,10,12-14). 
Brandom et al. (15) predicted and observed higher 
end-tidal concentrations of anesthesia at equal in- 
spired concentrations when vessel-rich tissue equi- 
librium had been achieved in infants compared 
with adults. They concluded that cardiovascular data 
collected in pediatric patients based on inspired 
halothane and isoflurane concentrations rather than 
end-tidal concentrations may be misinterpreted as 
indicating heightened cardiovascular sensitivity in 
the child. In prior pediatric clinical studies, the con- 
clusion of greater hemodynamic sensitivity in chil- 
dren compared with adults has been based on car- 
diovascular measurements recorded during stable 
inspired anesthetic concentrations (9,10,12-14). Ni- 
trous oxide and premedication were also adminis- 
tered (9,10,12-14). We measured hemodynamic data 
at constant end-expired halothane and isoflurane 
concentrations without nitrous oxide or premedica- 
tion. The inspired halothane and isoflurane concen- 
trations required to achieve 1.5 MAC end-expired 
concentrations in this study were lower than inspired 
concentrations used in prior studies of infants and 
children (9,10,14). 

In animal studies, conclusions of inhaled anes- 
thetic hemodynamic susceptibility of the young com- 
pared with the older animal have been based on 
cardiovascular comparisons at equal tissue concentra- 
tions (1-5) rather than equal MAC concentrations. 
We found similar hemodynamic depression at equal 
MAC in neonates and infants, but because of the 
lower neonatal MAC, significantly lower end-tidal 
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concentrations were used in neonates than infants. 
This difference suggests neonates may be more sen- 
sitive to inhaled anesthetic-induced hemodynamic 
depression than infants and perhaps adults. Devel- 
opmental changes in the troponin and tropomyosin 
complex after birth may be responsible for this differ- 
ence. Murat et al. (3) found halothane and isoflu- 
rane decreased Ca?* sensitivity and contractility of 
skinned rabbit myocardial muscle until 20 days of life. 
If hemodynamic sensitivity occurred in the infants, 
we anticipated stroke volume and cardiac output 
decreases would be larger in prior studies of older 
infants and children than reported in healthy adult 
volunteers at similar end-tidal concentrations 
(18,28,29). While a comparative study at equal 
halothane and isoflurane tissue concentrations in 
infants and adults is required, greater cardiovascular 
depression observed in infants when compared with 
prior studies of adults appears primarily related to 
increased inhaled anesthetic requirements and up- 
take and distribution differences rather than hemo- 
dynamic sensitivity. 

Similar to prior studies in infants and small chil- 
dren, the increased heart rate after atropine increased 
cardiac output but did not attenuate myocardial de- 
pression as measured by ejection fraction and stroke 
volume in either neonates or infants (30). The in- 
creased heart rate did not compensate for decreased 
stroke volume, and cardiac output remained de- 
pressed from awake levels in both neonates and 
infants. 

The noninvasive two-dimensional and pulsed 
Doppler echocardiographic measurement technique 
used to determine left ventricular short axis area 
and length and pulmonary artery flow velocity in 
neonates and infants makes assumptions when left 
ventricular volume and cardiac output are calcu- 
lated. Left ventricular volumes obtained by two- 
dimensional echocardiography underestimate angio- 
graphic volumes. Cardiac output determination is 
affected by both the accuracy of pulmonary artery 
area measurement and mean pulmonary artery flow 
velocity measurement. The Doppler sending and 
receiving probe must be placed similarly during each 
measurement. The accuracy of blood flow velocity 
measures can be affected if the angle of incidence of 
the Doppler signal with pulmonary blood flow varies 
during repeated measures. When pulsed Doppler 
and two-dimensional data are obtained by a trained 
echocardiographic technician and calculated using 
standardized echocardiographic measurements, cor- 
relation coefficients of cardiac output and left ventric- 
ular volumes with angiographic measures in infants 
and children with normal and abnormal cardiovascu- 
lar systems are greater.than 0.9 (21-26). 

The precision of expired gas concentration mea- 
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surements is limited if inspired is entrained 
during the study period (31-33). End-tidal CO, mea- 
surements would be altered more than expired 
halothane or isoflurane concentrations by the entrain- 
ment of inspired gas. We used controlled ventilation, 
a pediatric circle system, and respiratory rates lower 
than 30 breaths/min to improve separation of inspired 
_ from expired gases (31,32). If expired gases were 
contaminated with the higher inspired halothane or 
isoflurane concentrations, end-tidal concentrations 
would be overestimated and an underestimate of 
cardiovascular changes during halothane and isoflu- 
rane anesthesia would result. Tracheal gas samples 
obtained from the distal end of a tracheal tube would 
have improved the accuracy of end-expired gas mea- 
surements (31,32), but the administration of atropine 
before intubation and hemodynamic changes from 
tracheal intubation would likely have affected cardio- 
vascular interpretation (12,14,30). 

Alveolar anesthetic concentrations approach 
vessel-rich anesthetic concentrations over time (34). 
End-expired concentrations were maintained con- 
stant for three predicted vessel-rich time constants in 
neonates and infants before the hemodynamic mea- 
surements (15). Three predicted time constants 
should assure that end-tidal anesthetic concentra- 
tions were 95% of anesthetic partial pressures in the 
central nervous system (34). 

In summary, equipotent halothane and isoflurane 
concentrations in neonates and infants decrease car- 
diac output, stroke volume, and ejection fraction 
similarly. The cardiovascular depression is dose- 
related with decreases of more than 30% in ejection 
fraction and stroke volume at 1.5 MAC concentra- 
tions. The primary cardiovascular difference between 
halothane and isoflurane is a differing effect on heart 
rate. Hemodynamic depression is greater in neonates 
and infants than reported in prior studies of small 
children and adults at equivalent age-corrected MAC 
concentrations. Because end-tidal concentrations in 
neonates were significantly lower than in infants, 
neonates may be more susceptible to inhaled anes- 
thetic-induced hemodynamic depression than in- 
fants. In infants, the observation of greater hemody- 
namic depression during inhalation anesthesia is 
primarily due to uptake and distribution differences 
and increased anesthetic requirements rather than 
heightened cardiovascular susceptibility to inhaled 
anesthetics. 
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Recent studies in humans and animals have indicated 
that different inspiratory muscles have different sen- 
sitivities to respiratory depressants. The sensitivity of 
inspiratory muscles during early aes and devel- 
opment relative to that in adults of the same species, 
however, has not been studied. We therefore studied 
the activity of the diaphragm, the external intercos- 
tals, and the genioglossus by means of electromyog- 
raphy and its moving time average with different 
concentrations of halothane in seven 2-mo-old kit- 
tens.: The kittens spontaneously breathed 1.0%-2.0% 
halothane in oxygen while Paco, was maintained at 
about 60 mm Hg by adding CO, to the inspired gas as 
needed. Muscle activity was evaluated in terms of the 
peak height of the moving time average. Activity at 
1% halothane was used as the control measurement 
because measurements at zero inspired concentra- 
tions of halothane could not be obtained without 
sedation, which is known to depress respiratory 
muscle activity. Halothane anesthesia significantly 
(P < 0.01) decreased phasic inspiratory activity of the 
inspiratory muscles in a dose-dependent fashion. 
Genioglossal activity was completely abolished at 


he respiratory system of infants and young 

children differs in structure and in function 

from that of adults (1). The thorax is small in 
relation to the abdomen, and the sternum is soft, 
providing an unstable base for the rib cage. The 
diaphragm rides high, and its motion is limited by the 
large abdomen (1). The rib cage is cartilaginous, and 
the intercostal muscles are poorly developed. There- 
fore, the chest wall in infants is too compliant to resist 
negative pleural pressure, and retracts with inspira- 
tion. Consequently, under general anesthesia func- 
tional residual capacity tends to decrease, resulting in 
airway closure (1). It is likely, therefore, that the 
administration of central nervous system depressants 
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1.5% and 2.0% halothane. By contrast, in our previ- 
ous study in adult cats under nearly identical exper- 
imental conditions, the phasic genioglossal activity 
was depressed but present even at 3.0% halothane. 
The degree of depression at 1.5% and 2.0% halothane 
was least in the crural diaphragm (71.8% + 5.8%, 
66.6% + 4.5% of control, respectively), intermediate 
in the intercostals (68.9% + 9.6%, 35.4% + 8.8%), 
and greatest in the genioglossus (0.0%, 0.0%). Respi- 
ratory frequency, inspiratory time, and inspiratory 
duty cycle did not change significantly with increas- 
ing concentrations of halothane. These findings sug- 
gest that among the inspiratory muscles in kittens the 
genioglossus, which maintains upper airway patency 
during inspiration, is most vulnerable to halothane 
anesthesia at or below the concentration of 1 MAC. 
As the MAC for halothane determined in kittens 
(1.39% + 0.03%) was significantly larger than that in 
cats, it is probable that, at equipotent anesthetic 
concentrations, kittens experience greater upper air- 
way obstruction and respiratory depression than do 
adult cats. 

(Anesth Analg 1992;74:338-44) 


such as inhaled anesthetics and narcotics, and the 
incomplete reversal of muscle relaxants, would have 
more profound effects in this young age group than 
in adults (1,2). 

The activity of the upper airway muscles, particu- 
larly that of the genioglossus, which maintains upper 
airway patency during inspiration (3), can easily be 
depressed by anesthetics such as halothane and en- 
flurane. By contrast, the degree of depression of 
phrenic nerve-diaphragm activity is less than that of 
hypoglossal nerve-genioglossus activity (4,5). These 
findings suggest that the various inspiratory muscles 


and their motor innervation have differential sensi- 


tivity to anesthetics. Indeed, our recent studies (6) 
demonstrated that halothane anesthesia depressed 
the electromyographic (EMG) activity of inspiratory 
muscles in cats in a dose-dependent fashion. This 
effect was greater in the genioglossus, less in the 
intercostal muscles, and least in the diaphragm. 
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Whether this differential sensitivity among inspira- 
tory muscles in developing animals differs from that 
in adults, however, has not been investigated. In the 
present study we measured the EMG response of the 
diaphragm, the external intercostals, and the genio- 
glossus to increasing concentrations of halothane in 
spontaneously breathing kittens to see if their in- 
spiratory muscles behave differently from those of 
mature cats. 


Methods 


With the approval of the Institutional Animal Care 
and Use Committee, we studied seven 2-mo-old kittens 
weighing 0.56 + 0.058 kg (range, 0.49-0.59 kg). Anes- 
thesia was induced with 1.5%-2.5% halothane in oxy- 
gen via a face mask. The animals breathed spontane- 
ously throughout the experiments. A high flow 
(6 L/min) of halothane-oxygen mixture was blown into 
the face mask under a slight positive pressure (<2 cm 
H,0), both to provide anesthesia and to prevent dilu- 
tion of the gas mixture by room air and rebreathing of 
CO,. The face mask was connected to a nonrebreathing 
circuit, comprising one-way valves and a fully ex- 
panded 0.5-L reservoir bag. In a pilot study, a catheter 
tip was inserted in a naris for continuous monitoring of 
the CO, concentration in inspired and expired gas; the 
concentration of CO, in inspired gas was too low to be 
detected by the CO, analyzer, indicating that the circuit 
was nonrebreathing. This catheter was not used in the 
experiments because a foreign body in the airway could 
alter the genioglossus activity. The halothane vaporizer 
(Draegerwerk, Luebeck, Germany) was calibrated with 
a mass spectrometer (Perkin-Elmer MGA100, Pamona, 
Calif.) against standard test gas mixtures. After the 
induction of anesthesia, a catheter was inserted into the 
left femoral artery for arterial blood gas sampling and 
blood pressure monitoring. Body temperature was 
monitored by a rectal thermistor and was kept within 
normal limits for cats (37.0-39.0°C) using a warming 
light and blanket. 

The EMG electrodes were multistrand stainless 
steel wires with Teflon insulation (Bergen Cable 
Technical Co., Lodi, N.J.). The wire was threaded 
through a 21-gauge needle, and about 0.5 mm of the 
insulation was scraped off at the tip. The bare tip was 
then bent toward the needle barrel. A pair of EMG 
electrodes was inserted into the genioglossus, the 
intercostal muscle, and the diaphragm using a 
guided-needle technique (7). In addition, a reference 
electrode was inserted into the hind leg muscles. 
Electrodes in the diaphragm were inserted transcuta- 
neously into the crural portion using a technique 
described previously (8). A second pair was inserted 
into the costal diaphragm under direct exposure 
through a skin incision on the anterolateral costal 
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margin. Electrodes in the intercostal muscle were 
inserted into the right fifth or sixth posterior intercos- 
tal space, approximately 1 mm apart, under direct 
vision through a skin incision just below the scapula. 
The incisions were subsequently closed. To expose 
the genioglossus muscle, which was small and dif- 
ficult to identify, an anterior submental midline inci- 
sion was made through the skin and fascia, and 
electrodes were inserted under direct vision. Surgical 
preparation was carried out under 1.5%-2.0% 
halothane-oxygen anesthesia. After all electrodes 
were inserted, the animals were turned prone and 
breathed spontaneously without an artificial airway 
or tracheal tube. Because a change in head position 
alters genioglossus activity (9), care was taken to keep 
the head stable throughout the study. At the end of 
the experiment, the animals were killed by injection 
of excessive pentobarbital. The positions of all elec- 
trodes were confirmed at necropsy. 

The raw EMG signals were amplified by a DC 
preamplifier (model EMA 830, CWE, Ardmore, Pa.) 
and high-impedance head-stage amplifiers (model 
HSA-830, CWE, Inc.). Signals were amplified 1000- 
10,000 times (noise and artifacts were filtered below 
50 Hz and above 5 kHz) and recorded on an electro- 
static recorder with a linear frequency response up to 
approximately 5 kHz (model ES 1000, Gould, Cleve- 
land, Ohio). Electromyographic signals were also 
rectified and integrated (moving time average, MTA) 
by an RC circuit (SA-414 Analog Processor, Service 
Associate, San Diego, Calif.), with a time constant of 
50 or 100 ms. We chose the appropriate value for the 
animal according to the respiratory frequency, and 
kept it constant throughout any given study. The 
MTA and the raw EMG signals were recorded on a 
multichannel recorder (10) (Figure 1). Inspiratory 
activity was defined as the difference between the 
end-expiratory baseline MTA and the peak during 
inspiration (peak height of MTA). 

Preliminary studies revealed that an inspiratory 
halothane concentration of 2.5% or more resulted in 
either extreme hypoventilation or apnea, and most 
animals awoke at concentrations less than 1.0%. The 
experiments were, therefore, performed at halothane 
concentrations of 1.0%, 1.5%, and 2.0%. We used the 
data obtained at 1% halothane as control values, as 
measurements at zero inspired halothane could not 
be obtained without the use of sedatives, which 
depress the inspiratory muscle activity. 

The concentration of halothane in the face mask, 
as measured with a mass spectrometer, reached the 
inflow concentration within 30 s after the vaporizer 
concentration was adjusted. Pilot studies in kittens 
with a tracheal tube showed little difference between 
inspired and end-expiratory halothane concentra- 
tions within 5 min after a change in the vaporizer 
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setting. Moreover, 5 min after a change in the in- 
spired halothane concentration, EMG activity of each 
muscle was stable and reproducible. We concluded 
that 20 min was more than sufficient time for equili- 
bration to a steady state after a change in halothane 
concentration. 

After surgical preparation, the concentration of 
halothane in oxygen was increased to 2.0% for 
20 min, and arterial blood gas tensions were mea- 
sured. The Paco, value obtained at 2.0% halothane 
was maintained throughout the study by adding CO, 
to the inspired gas mixture to keep the chemical 
stimuli to the respiratory centers constant. The elec- 
tromyogram and its MTA were recorded at paper 
speeds of 10, 25, and 100 mm/s. Halothane concen- 
tration was decreased by 0.5% and maintained for at 
least 20 min before an arterial blood sample was taken 
for analysis, and an EMG recording was made at the 
new concentration. 

We. measured the peak height of the MTA (in 
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Figure 1. A typical recording of an electro- 
myogram (EMG) and its moving time aver- 
age (MTA) of three inspiratory muscles at 
1.0% halothane in a kitten (control). DI, 
diaphragm; GG, genioglossus; IC, external 
intercostal muscle. 


inches), respiratory frequency (f), inspiratory time 
(T,), inspiratory duty cycle, or the ratio of T; and total 
respiratory cycle duration (T/Tyo7), using a digitizer 
and a computer system. At least 30 consecutive 
breaths were analyzed from recordings on the poly- 
graph paper at each concentration in each animal, 
and mean values were obtained. As peak height is a 
dimensionless number, it was expressed as percent of 
the control value at 1.0% halothane. 

In separate studies, the minimum alveolar concen- 
tration (MAC) of halothane in oxygen was measured 
in 1- and 2-mo-old kittens. The animals were anes- 
thetized via a face mask by halothane in oxygen, and 
the trachea was intubated. End-tidal concentrations 
of halothane, CO,, and oxygen were measured by a 
mass spectrometer. Supramaximal stimulation was 
given by tail clamping. End-tidal halothane concen- 
tration initially was 0.8%-0.9%; it was increased by 
0.1%-0.2% steps to the concentration at which the 
response to stimulation was abolished. Minimum 
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Table 1. Effect of Halothane Anesthesia on Inspiratory Muscle Activity” in 2-Month-Old Kittens (n = 7) 


Concentration Diaphragm 
(%) Costal Crural Intercostals Genioglossus 
1.0 100 100 100 
1.5 61.8 + 7.3° 71.8 + 5.8? 68.9 + 9.6° 0.0 + 0.0" 
2.0 54.5 + 6.2% 66.6 + 4.5° 35.4 + 8.804 0.0 + 0.0% 


sed as percent of peak ae of moving time average from that at 1% halothane (control). 


opt 

P < 0.01 compared with control. 

€P < 0.02 compared with control. 

4P < 0.01 compared with diaphragm (crural). 
“P < 0.01 compared with value at 1.5%. 


alveolar concentration was calculated, and mean val- 
ues were obtained as previously described (11). 

Repeated measures analysis of variance with Bon- 
ferroni’s multiple comparison was used to compare 
the MTA of a single inspiratory muscle at different 
concentrations (intraindividual comparison). The ab- 
solute values of MTA in inches were analyzed. Re- 
peated measures analysis of variance was also used to 
compare the percent depression of MTA of different 
inspiratory muscles at a given concentration of 
halothane (interindividual comparison). Student's 
t-test was used to compare the MAC values in the 
two age groups. A probability value of less than 5% 
was considered statistically significant. 


Results 


The MAC of halothane in oxygen was 1.30% + 0.01% 
(mean + SEM) in 1-mo-old kittens (n = 3) and 1.39% 
+ 0.02% in 2-mo-old kittens (n = 3). The end-tidal 
concentration of CO, was less than 8.0% during 
determination of MAC. The MAC value in 2-mo-old 
kittens was significantly more than that measured by 
us in adult cats (1.21% + 0.04%) (6). 

During spontaneous breathing, Paco, in kittens 
increased to 59.0 + 3.3 mm Hg at 2.0% halothane in 
oxygen, and was more than 80 mm Hg at 2.5%. 
Therefore, Paco, was kept near 60 mm Hg (59.3 + 
1.8 mm Hg; range, 56-62 mm Hg) throughout the 
experiments while the concentration of halothane 
varied from 1.0% to 2.0%. Mean arterial pH was 7.22 
+ 0.08 in a range of 7.18-7.27. Mean Pao, was 387 + 
37 mm Hg, and all measurements were more than 
300 mm Hg. Systolic blood pressure was lowest 
(mean value of 108 mm Hg) during 2.0% halothane 
and was highest (mean value of 123 mm Hg) during 
1.0% halothane. 

The peak height of the MTA of the electromyo- 
gram for the diaphragm and intercostals decreased 
with increasing halothane concentration (Table 1). 
The genioglossus lost its phasic inspiratory activity at 
both 1.5% and 2.0% halothane in all kittens. Crural 


and costal diaphragmatic activity and intercostal ac- 
tivity at 1.5% and 2.0% halothane were significantly 
less than values at 1% halothane. Crural diaphrag- 
matic activity decreased the least, and at 2.0%, inter- 
costal activity was attenuated significantly (P < 0.01) 
more than was crural diaphragmatic activity. Figures 
1 and 2 show typical raw EMG tracings from the 
diaphragm, the intercostals, and the genioglossus 
and their MTA under 1% halothane (control) and 2% 
halothane from the same 2-mo-old kitten. 

Respiratory frequency, T, and T/Tror did not 
change significantly with increasing concentrations of 
halothane, with the exception of frequency at 1.5%, 
which was slightly and significantly (P < 0.05) in- 
creased (Table 2). 


Discussion 


The genioglossus muscle contracts synchronously 
with the diaphragm and plays an important role in 
the maintenance of upper airway patency during the 
respiratory cycle. The relaxation of the genioglossus 
displaces the tongue posteriorly and results in upper 
airway obstruction (1). Recent studies in animals and 
in humans have shown that the activity of the hypo- 
glossal nerve.and the genioglossus is attenuated by 
barbiturates (4,5), sleep (12-14), ethanol (15), and 
anesthetics (16). 

Hwang et al. (16) demonstrated selective depres- 
sion of phasic hypoglossal motor activity over 
phrenic nerve activity in decerebrate cats that were 
paralyzed, tracheally intubated, and mechanically 
ventilated. Nishino et al. (4,5) also reported similar 
findings in vagotomized cats that were paralyzed and 
ventilated through the tracheostomy. 

The activity of the genioglossus muscle is influ- 
enced importantly by the negative pressure in the 
upper airways during inspiration (17,18) and by the 
position of the head and neck (9). In animal experi- 
ments in which a tracheostomy or endotracheal tube 
is used, the activity of the hypoglossal nerve and 
genioglossus is modified, and the pressure on the 
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Table 2. Effect of Halothane Anesthesia on Respiratory 
Frequency and Timing Component in 2-Month-Old 
Kittens (n = 7) 


Concentration i 
(%) f (min~*) T; (8) Ty/Tror 
1.0 61.7 £ 4.2 0.43 + 0.03 0.43 + 0.02 
1.5 66.6 + 4,4° 0.43 + 0.03 0.45 + 0.01 
2.0 62.3 + 4.0 0.46 + 0.03 0.47 + 0.01 


T, inspiratory ime; Troy, total respiratory cycle duration; Ty/Tror, 


respiratory duty cycle. 
*P < 0.05 compared with value at 1.0%. 


upper airway mucosa remains atmospheric. Further- 
more, the tracheal tube itself probably affects genio- 
glossal activity by mechanical stimulation and dis- 
placement of the tongue. Vagotomy and carotid 
denervation also modify genioglossal activity (19). 
Thus, previous studies did not necessarily represent 
the physiologic response of inspiratory muscles to 
anesthetics. 
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Figure 2. A typical recording of an elec- 
tromyogram (EMG) and its moving time 
average (MTA) of the same muscles at 
2.0% halothane in the same kitten. DI, 
diaphragm; GG, genioglossus; IC, exter- 
nal intercostal muscle. Note that the pha- 
sic electromyographic activity of the ge- 
nioglossus is abolished. 





In the present study, the kittens were breathing 
spontaneously, and genioglossal activity was not mod- 
ified artificially by either injury or instrumentation. 
Physiologic temperature, intravascular fluid balance, 
and oxygenation were also maintained throughout the 
experiments. Our results, therefore, most likely repre- 
sent physiologic responses of inspiratory muscles to 
increasing concentration of inhaled anesthetics. As an- 
esthetic concentration was varied, Paco, was main- 
tained at approximately 60 mm Hg, the value that was 
measured when the inspired halothane concentration 
was 2%. Although this level of Paco, may not be 
physiologic, it was necessary to maintain an isocapnic 
level throughout the experiments to keep the chemical 
stimuli to the bulbopontine respiratory centers con- 
stant, as well as to maintain phasic inspiratory activity 
of the genioglossus. Inspiratory phasic activity has been 
found to be inconsistent or absent during normocapnia 
in kittens (20). 

We demonstrated a differential sensitivity of three 
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inspiratory muscles to halothane anesthesia in kittens. 
All three muscles showed a dose-related response to 
increasing concentrations of halothane. The genioglos- 
sus was most sensitive to halothane, the intercostals 
were less so, and the crural diaphragm was least 
sensitive to the depressant effect of halothane. 

The sensitivity to halothane of the genioglossus, 
which completely lost its phasic activity at 1.5% and 
2.0%, was far greater than that observed recently in 
adult cats in our laboratory under essentially identical 
experimental conditions. In the cats, phasic genio- 
glossal activity was decreased but present at concentra- 
tions of halothane as high as 3.0% (6). The depression 
of the intercostals and the diaphragm in the kittens was 
not significantly more than that in the adult cats we 
studied. Because the MAC for halothane determined in 
our laboratory was significantly higher in kittens than 
in cats, however, more notable, or even significant, 
differences in intercostal activity might have been ob- 
served under equipotent anesthetic conditions. 

Our pilot studies in 3-wk-old kittens showed irreg- 
ular and inconsistent genioglossal activity even at 
1.0% halothane (unpublished data). Electromyo- 
graphic studies by Watchko et al. (21) of 1-mo- and 
2-mo-old kittens in response to acute hypoxia and 
hypercapnia also indicate immaturity of the genio- 
glossus relative to the diaphragm. These findings 
suggest that maturation of the hypoglossal-genio- 
glossus system is slower than that of the phrenic- 
diaphragm system or the spinal-intercostal system. 
Brozanski et al. (22) studied morphologic maturation 
of genioglossal motoneurons in developing kittens 
and demonstrated a linear increase in the motoneu- 
ron surface area from 3 days to 2 mo of age. Their 
findings suggest that the greater depression of genio- 
glossal activity in the kittens is due to immaturity of 
motoneurons and their dendritic connections. 

Studies of respiratory control in response to acute 
hypoxia by Watchko et al. (21) and Bonora et al. (23) 
suggest that, in terms of the development of its 
respiratory control mechanism, a 2-mo-old kitten is 
equivalent to a human newborn infant of 2-4 wk of 
age. Beyond 4 wk the biphasic ventilatory response to 
acute hypoxia changes to a more mature, sustained 
ventilatory response (24). From our findings in 2-mo- 
old kittens and in adult cats, assuming similarity 
between cats and humans in their respiratory control 
and response to anesthetics, one might speculate that 
infants and young children are more vulnerable to 
the depression of genioglossal activity and resultant 
upper airway obstruction during inhalation anesthe- 
sia than are older children and adults. 

In addition, because the thoracic wall in infants 
and young children is highly compliant, requiring 
tonic and phasic intercostal muscle activities to sus- 
tain its rigidity and withstand negative pleural pres- 
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sure (1), depression of intercostal muscle tension and 
activity by anesthetics can result in paradoxic breath- 
ing, increased energy cost of breathing, inspiratory 
muscle fatigue, and more pronounced reductions in 
resting lung volume and tidal breathing. These effects 
may contribute to respiratory depression, ventilation/ 
perfusion imbalance during and after anesthesia, and 
the high incidence of early postanesthetic hypoxemia 
seen in the pediatric age group (2). 


We thank Dr. William A. La-Framboise for technical and scientific 
advice, Terrence L. O’Day for technical assistance, and Lisa Cohn 
for editorial assistance. 
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Fentanyl, unlike morphine, is highly lipophilic and 
rapidly diffuses out of the epidural space. Respiratory 
depression is, therefore, saree d when fentanyl is 
given epidurally. However, much of fentanyl’s anal- 
gesic eftect is mediated by systemic rather than spinal 
receptor binding. To test this hypothesis, we per- 
formed a prospective, double-blind, cross-over study 
comparing epidural and intravenous (IV) administra- 
tion of fentanyl in 16 patients for the first 12 h after 
lower abdominal or lower extremity surgery. To 
allow direct comparison of these two routes of admin- 
istration, patient-controlled analgesia was used so 
patients could self-titrate their analgesia. Patients 
were randomized to receive fentanyl initially by an 
epidural (group A, n = 8) or IV (group B, n = 8) 
catheter for 6 h, after which they were crossed-over to 
the alternate route by means of a hidden three-way 
stopcock. The degree of analgesia was subjectively 


ate acute postoperative pain. Isolation 

of spinal opiate receptors (1) and subsequent 
demonstration of the efficacy of epidural opiate ad- 
ministration resulted in increasing popularity of this 
route of opiate administration for pain management 
(2). The initial studies of epidural opiate administra- 
tion demonstrated that relatively small doses of mor- 
phine provided dramatic analgesia of long duration 
(3), persisting long after morphine plasma concentra- 
tions decreased below accepted analgesic levels. Al- 
though morphine has a direct spinal action, its slow 
onset of action is secondary to its poor lipophilicity. 
This results in the slow transfer of morphine across 
the dura into the cerebrospinal fluid, where a large 
depot is created that provides for a prolonged spinal 
analgesic effect (4). However, this depot results in 


() piate analgesics are commonly used to allevi- 
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evaluated by a visual analogue scale, and by an 
observer rating patient’s comfort and sedation. Cu- 
mulative dosage of fentanyl was recorded, and 

plasma fentanyl concentrations were measured. The 
onset of analgesia and increase in plasma fentanyl 
concentrations were more rapid with intravenous 
fentanyl. However, after 60 min, analgesia (visual 
analogue scale 2-4 cm) or plasma fentanyl concentra- 
tions (0.3-0.7 ng/mL) did not differ between the two 
routes of administration. There were also no signifi- 
cant differences in the cumulative dosage of fentanyl 
within each group (epidural vs IV) or between the 
groups. Thus, the analgesic effects of epidural fenta- 
nyl appear largely mediated by systemic absorption. 
Intravenous fentanyl achieves a similar degree of 
cs ira and a more rapid onset of effect without the 

eed for epidural catheterization. 

(Anesth Analg 1992;74:345-51) 


rostral spread of morphine to the brainstem with 
possible pruritus, nausea, vomiting, and late respira- 
tory depression (5). 

In contrast, a more lipophilic agent will have a 
more rapid onset of action and will also be absorbed 
rapidly from the cerebrospinal fluid with less risk of 
rostral spread. Fentanyl and sufentanil are potent 
opiates that are highly lipophilic (blood: oil partition 
coefficient 813 and 1778, respectively) and rapidly 
cross the dura. However, they may also rapidly 
diffuse into epidural vessels and have a primarily 
systemic effect. Therefore, it is important to establish 
if epidural administration of the more lipophilic opi- 
ates really provides an advantage over direct systemic 
administration. 

Patient-controlled analgesia (PCA) enables pa- 
tients to self-titrate bolus doses of analgesic agents to 
their desired level of pain relief by using a program- 
mable infusion pump. This individualizes the dose 
required to maintain adequate analgesia according to 
the patient’s needs and provides a means of compar- 
ing the subjective analgesic effects of different drugs 
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and/or routes of administration in a heterogeneous 
population. 

This prospective, double-blind, randomized cross- 
over study was designed to establish whether there is 
a difference in the dose requirements for fentanyl or 
in its plasma concentration when it is administered 
epidurally or intravenously by means of a PCA de- 
vice. 


Methods 


The study was approved by the Human Investigation 
Review Board of the Durham Veterans’ Affairs Med- 
ical Center. Each patient signed a written informed 
consent form. ASA physical status I-II patients ad- 
mitted for lower extremity or abdominal surgical 
procedures that would require a potent analgesic for 
postoperative pain management were included. The 
‘night before surgery, patients were instructed how to 
> use a PCA device (Abbott Life Care-Abbott Labora- 
tories, Chicago, Ill.) and to describe pain on a visual 
analogue scale (VAS)—a 10-cm straight line marked 
with “no pain” at 0 cm and “worst imaginable pain” 
at 10 cm. Patients were encouraged to use the PCA to 
maintain a satisfactory level of pain relief. 

Patients were premedicated with diazepam, 10 mg 
orally, 1-1.5 h before surgery. Two intravenous (IV) 
catheters were placed, one in the antecubital fossa of 
the arm opposite that through which fentanyl would 
be.administered. Before induction of anesthesia, a 
lumbar epidural catheter was placed at the L3~4 or 
L4-5 interspace. Correct position of the catheter within 
the epidural space was confirmed by the establishment 
of neural blockade after the injection of 10 mL of 1.5% 
lidocaine. General anesthesia was then induced with an 
IV induction agent and maintained with a potent vola- 
tile anesthetic. No opiate was given during the preoper- 
ative or intraoperative period. When the patients were 
awake enough to follow instructions after the comple- 
tion of surgery, the use of the PCA device and VAS was 
explained again. Each PCA device was loaded with 
fentanyl diluted to 10 ug/mL. Patients were then ran- 
domly assigned to receive fentanyl via the PCA for the 
next 6 h either epidurally (group A) or intravenously 
(group B). The PCA device was connected to both the 
IV catheter and the epidural catheter by means of a 
hidden three-way stopcock. At the end of 6 h, the stop- 
cock was rotated by a person not involved in the 
evaluation of the patient, and the treatments were 
crossed-over. Thus, fentanyl administration was 
switched from the epidural to the IV route in group A 
patients and from the IV to the epidural route in 
group B patients for the second 6 h. The patients and 
the evaluating nurse were blinded to the route of 
fentanyl administration. 

When patients first complained of pain, an initial 
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dose of fentanyl, 1 ug/kg, was administered via the 
PCA device either epidurally or intravenously accord- 
ing to the randomization schedule. All subsequent 
doses of fentanyl were self-administered by the pa- 
tient. The maintenance dose was set at 20 yg (i.e., 
2 mL) fentanyl with a lockout interval of 6 min. The 
cumulative fentanyl dose was recorded during the 
12 h of the study. Pain relief was scored subjectively 
by the patient by means of the VAS before fentanyl 
administration and then at 1, 3, 5, 15, 30, 60, 120, 240, 
360, 420, 480, 600, and 720 min. At the same time 
intervals, the recovery room nurse independently 
estimated the patient’s level of observed comfort and 
assigned it a score as follows: 0 = none, 1 = fair, 2 = 
good, 3 = excellent. The level of sedation was simul- 
taneously assessed on a four-point scale: 0 = none, 
1 = drowsy, 2 = somnolent but easily arousable, 3 = 
asleep or somnolent and difficult to arouse. Blood 
samples for plasma fentanyl content were obtained 
from the antecubital venous catheter at 1, 3, 5, 15, 30, 
60, 120, 240, 360, 420, 480, 600, and 720 min after the 
initial dose was given. These samples were drawn 
into heparinized containers and placed in ice. Plasma 
was separated by cold centrifugation and stored at 
—70°C. Fentanyl concentrations were measured us- 
ing a radioimmunoassay technique. The sensitivity of 
the assay was 0.1 ng/mL, and the coefficient of 
variation ranged between 5% and 9% at concentra- 
tions of 0.1 and 8.0 ng/mL, respectively. Patients 
were maintained in the postanesthesia care unit for 
the entire study duration. 

Multivariate tests of VAS, comfort and sedation 
score, cumulative fentanyl dose, and fentanyl plasma 
concentration were performed to assess the effective- 
ness and dosing of analgesia between the routes of 
administration. Probabilities were obtained associ- 
ated with the effects of group (A or B), hour of study, 


’ and cross-over (first 6 h and second 6h). Because data 


were collected hourly, a repeated measures analysis 
of variance, multivariate in the sequential data and 
with the order of the two routes of drug administra- 
tion included as an independent effect, was used. 
Order of cross-over itself was a repeated element for 
each patient, so the univariate model was also set up 
as a repeated measures design with appropriate 
blocking of patients as one of the independent ele- 
ments. Pearson correlation coefficients were derived 
to describe the relationship between VAS and plasma 
fentanyl concentration. A P value of less than 0.05 
was considered significant. 


Results 


Demographic data from all 16 patients are presented 
in Table 1. In group A, six patients had lower limb 
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Table 1. Demographic Data of Patients Studied 


Group A Group B 
Age (yr) 57.6 + 4.6 60.6 + 2.0 
Weight (kg) 70.8 + 1.7 74.3 + 3.8 
Height (cm) 171.2 + 2.4 168.7 + 2.2 


Values are mean + SEM. 


orthopedic procedures and two patients lower ab- 
dominal surgery. In group B, four patients had lower 
extremity orthopedic procedures and four patients 
lower abdominal procedures. 

The onset of analgesia was more rapid with IV 
than epidural fentanyl. This is illustrated by a signif- 
icantly lower VAS score in group B patients at 15 min 
(Figure 1). Thereafter there was no significant differ- 
ence in analgesia between the two routes of admin- 
istration. After 2 h, patients in both groups tended to 
titrate their analgesia to a VAS of 2-4 cm (mild paiii). 
Sedation and comfort scores were similar between 
both groups (Figures 2 and 3). 

There were no statistically significant differences 
between groups A and B with respect to the cumu- 
lative hourly dose of fentanyl, the 12-h cumulative 
dose of fentanyl, or the cumulative doses of fentanyl 
during epidural or IV administration (Table 2). 
Within groups A and B there were no significant 
difference between fentanyl usage in the first 6 h and 
second 6 h (Table 2), i.e., before and after cross-over. 

There were no significant differences in plasma 
fentanyl concentration whether it was administered 
epidurally or intravenously. Although fentanyl 
plasma concentrations were numerically higher in the 
first 30 min in group B (IV first) than group A 
(epidural first), they were not significantly different. 
Thereafter, plasma concentrations stabilized at 
0.5 ng/mL in both groups (Figure 4). There were no 
significant differences in plasma fentanyl concentra- 
tions at equivalent time periods between the first and 
second 6 h. 

There was a high inverse correlation between VAS 
and plasma fentanyl concentration (i.e., VAS de- 
creased as plasma fentanyl increased) during epidu- 
ral administration (r = —0.63, P = < 0.01), but the 
correlation during IV administration was negligible 
(r = —0.03, P = 0.91). 


Discussion 


It is almost impossible to objectively measure the 
quality of analgesia, making it very difficult to estab- 
lish the true relative efficacy of different analgesic 
drugs or routes of administration. The PCA pump 
enables patients to self-titrate analgesia to their de- 
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sired pain relief and then to maintain it at that level. 
In other words, PCA provides a closed-loop system 
that maintains a fairly constant level of analgesia for 
an individual patient (6). This enables effective equi- 
analgesic comparisons to be made between different 
drugs and different routes of drug administration 
(7,8) and negates the effect of pharmacokinetic, phar- 
macodynamic, and psychologic variability (9). 

There was no difference in this study in the anal- 
gesic efficacy of epidural versus IV administration of 
fentanyl when patients were allowed to self-titrate 
their analgesic requirements using a PCA device. . 
This was evaluated by a subjective criterion (VAS), 
patient observation (comfort score, sedation score), 
and pharmacologic data (cumulative fentanyl dose, 
fentanyl plasma concentration). Although the size of 
the groups was relatively small, retrospective power 
analysis estimated that this sample size, with the 
degree of variability obtained, would have a power of: 
87% in detecting a within-group difference of 125 ug 
in the 6-h cumulative dose of fentanyl and an 82% 
power of detecting a within-group 0.125-ng/mL dif- 
ference in the average fentanyl plasma concentration. 

The patients showed no difference in baseline and 
subsequent VAS pain scores. This indicates that both 
groups started off with similar amounts of pain and 
that fentanyl PCA via either the epidural or IV route 
allowed the patients to achieve and maintain equiv- 
alent levels of analgesia. Patients in both groups were 
able to titrate their analgesia to a VAS of 2-4 cm (i.e., 
mild pain) after the first 2 h and then maintain it at 
this level for the remainder of the study. This degree 
of analgesia is consistent with the levels of analgesia 
that are routinely achieved with PCA (7,8). 

After the first hour, the analgesic efficacy of fen- 
tanyl by PCA was similar with epidural or IV admin- 
istration, as were the cumulative fentanyl doses and 
measured plasma fentanyl concentrations. Welchew 
(10) reported that a single dose of 100 ug (2 mL) of 
epidural fentanyl resulted in significant systemic con- 
centrations of fentanyl that were within its accepted 
analgesic range. This is in contrast to the study by 
Gourlay et al. (11) in which they were unable to 
measure fentanyl’ concentrations above 0.1 ng/mL 
after a single epidural dose of fentanyl, 1 pg/kg. 
Sufentanil (another highly lipid soluble opiate) given 
as a single dose (150 ug) either epidurally or intrave- 
nously resulted in systemic concentrations, after 
15 min, that were similar irrespective of the route of 
administration (12). In another study, 30 ug of epi- 
dural sufentanil also provided similar plasma concen- 
trations to those resulting from the same dose given 
intravenously. The epidural dose also did not provide 
any opioid-sparing for postoperative analgesia (13). 

Several studies have also compared the continuous 
infusion of fentanyl given either epidurally or intra- 
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Figure 1. Mean (+ sm) pain scores (as measured by VAS) after patient-controlled administration (PCA) of fentanyl either epidurally or 
intravenously. Pain scores after the IV administration of fentanyl were statistically lower during the first hour than in the epidural group 


(P < 0.05). 
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Figure 2. Mean (+ szm) sedation scores after patient-controlled 
administration (PCA) of fentanyl either epidurally or intrave- 
nously. No difference was found between the two routes of 
administration on the level of sedation as measured on the four- 
point scale: (0 = no sedation, 1 = drowsy, 2 = somnolent but easily 
arousable, 3 = asleep or somnolent and difficult to arouse). 


venously (14-16). Loper et al. (14) found equivalent 
analgesia after knee surgery with either continuous 
epidural or IV infusion of fentanyl, with similar mean 
plasma fentanyl concentrations (1.8 + 0.4 and 1.7 + 
0.4 ng/mL, respectively). In postthoracotomy pa- 
tients, a continuous infusion of fentanyl at 
1.0 ug'kg `i min™? via either a lumbar epidural or 
IV catheter resulted in equivalent plasma concentra- 
tions of fentanyl (1-2 ng/mL) (15). After cesarean 
section, the infusion rate of fentanyl required to 
produce adequate analgesia was similar whether 
given intravenously or epidurally (16). All three of 
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Figure 3. Mean (+ sem) comfort scores after patient-controlled 
administration (PCA) of fentanyl either epidurally or intrave- 
nously. No difference was found between the two methods of 
administration in the level of comfort (0 = none, 1 = fair, 2 = good, 
3 = excellent). 


these studies demonstrated sustained plasma con- 
centrations of fentanyl that exceeded 1 ng/mL after 
both epidural and IV administration. Additional an- 
algesia was given for breakthrough pain in these 
studies but no adjustments were made to minimize 
the infusion rate of fentanyl. As the dose was not 
titrated, a relative overdose of fentanyl may have 
been administered via the epidural route, resulting in 
higher systemic concentrations than were found in 
our study. However, these studies support the 
premise that an important component of the analge- 
sia after the epidural administration of fentanyl may 
be provided by its systemic absorption. 
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Table 2. Dose of Fentanyl During Self-Administration via 
Either the Intravenous or Epidural Route 


Time (h) Group A Group B Combined 
1 157.0 + 32 104.6 + 32.6 130.8 + 41.4 
2 213.3 + 44.3 152.1 + 69.4 182.7 + 64.5 
4 309.4 + 69.5 209.6 + 78.6 259.5 + 88.3 
6 389.6 + 95.8 285.9 + 148.6 337.8 + 132.1 
7 419.6 + 89.5 324.6 + 169.6 372.1 + 139.9 
8 462.1 + 97.5 366.4 + 212.5 414.3 + 167.2 
10 538.9 + 122 472.5 + 343.1 508.2 + 250.8 
12 619.6 + 151.6 530.0 + 393 574.8 + 291.6 
Mean hourly 56.6 + 45.1 47.7 + 47.2 52.1 + 46.2 
cumulative 
dose 
Total epidural 389.6 + 95.8 244.1 + 257.7 316.9 + 194.4 
use 
Total intra- 230.0 + 68.7 285.9 + 148.6 258.0 + 115.8 
venous use 


Cumulative fentanyl use in micrograms (+ sp). The figures in bold depict 
the period that the patients self-administered fentany] via the epidural route. 


Using the epidural route, the concentration and 
volume (10) of the fentanyl dose as well as the site of 
the epidural catheter in relation to the site of surgery 
is important in providing optimal analgesia with the 
smallest dose. We used a concentration of 10 ug/mL 
with a volume of 2 mL as a maintenance dose. This 
concentration has previously been shown to be opti- 
mal for fentanyl via the epidural route (10). To ensure 
the epidural catheter site was appropriate, it was 
inserted at the L3~4 or L4-5 interspace and all opera- 
tions were restricted to those involving the lower 
extremity or lower abdomen. The use of PCA for 
fentanyl administration in the present study ensured 
that the minimal effective dose was given, so that any 
discrepancy in analgesic requirements between the 
different routes would have been evident. Under 
these conditions, there were no differences in fenta- 
nyl plasma concentrations between epidural and IV 
administration when patients self-titrated their fen- 
tanyl requirements, and analgesia was achieved at 
much lower plasma fentanyl concentrations than in 
studies in which a continuous infusion was used 
(14-16). Similarly, in another study, the plasma hy- 
dromorphone levels after epidural PCA were lower 
than those achieved by a fixed-rate continuous hy- 
dromorphone infusion that obtained the same degree 
of analgesia (17). Gourlay et al. (18) defined the 
minimal effective analgesic concentration for IV fen- 
tanyl in patients having either upper or lower abdom- 
inal surgery as 0.63 + 0.25 ng/mL, with an average 
hourly consumption of 55.8 + 22 ug/h (18). In the 
present study, whether fentanyl was given epidurally 
or intravenously, the hourly fentanyl consumption 
and resultant fentanyl plasma concentrations were 
similar to those reported by Gourlay et al. 
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Figure 4. Mean (+ sem) plasma fentanyl concentrations after 
patient-controlled administration (PCA) of fentanyl either epidur- 
ally or intravenously. The plasma concentrations of fentanyl did 
not differ statistically between the two groups during the first hour 
(A) or during the remaining 11 h of the study (B). 


Welchew and Breen (19) have also recently com- 
pared the use of epidural fentanyl to IV PCA in 
patients admitted for abdominal surgery. They found 
that both routes of fentanyl administration resulted in 
equally satisfactory analgesia. In their study, how- 
ever, the patients receiving IV PCA fentanyl self- 
administered twice the cumulative dose over 24 h of 
the group self-titrating their fentanyl via the epidural 
route. The patients in the two groups received dif- 
ferent amounts of fentanyl with each request. The 
maintenance doses were 20 pg fentanyl in the IV 
group and 5 pg fentanyl in the epidural group. The 
cumulative or total dose for IV PCA is significantly 
altered by the size of the maintenance dose (20,21). In 
Welchew and Breen’s study (19), the IV maintenance 
dose was four times greater than the epidural main- 
tenance dose, and this may have accounted for the 
differences in the cumulative dose that resulted be- 
tween the two routes of fentanyl administration. 

In contrast to fentanyl, the epidural PCA adminis- 
tration of morphine or meperidine is associated with 
a dramatically decreased dose requirement compared 
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with IV PCA (22). Plasma concentrations of morphine 
and meperidine are well below minimal effective 
analgesic concentration. This difference is more 
prominent with morphine, the less lipophilic opiate, 
than with meperidine because the rate and degree of 
systemic absorption after epidural administration of 
an opiate is related to its lipophilicity (23). The 
epidural administration of fentanyl, a highly lipo- 
philic opiate, should result in plasma concentrations 
similar to those of an equal dose given intravenously. 
Therefore, the similar plasma fentanyl concentrations 
we obtained after repeated dosing, either epidurally 
or intravenously, are explained by the high lipophilic- 
ity of fentanyl. In addition, the ED. of intrathecal 
fentanyl in rats exceeds the concentration required 
for epidural use (24). The authors attribute the anal- 
gesia obtained from the epidural administration of 
fentanyl primarily to its systemic absorption and not 
to its effect on the pain receptors in the dorsal horn of 
the spinal cord. In view of the significant systemic 
absorption of fentanyl from the epidural space and 
the equal dosage requirements between epidural and 
systemic administration for equivalent analgesia, the 
value of epidural fentanyl as a sole analgesic agent is 
uncertain. 

The onset of analgesia was slower in the patients 
initially receiving epidural fentanyl. There are two 
possible explanations for this. The peak effect of IV 
fentanyl occurs 2-5 min after IV bolus administration 
(25), whereas the onset of effect after epidural admin- 
istration is delayed for 10-20 min (26). This delay may 
be explained by the time taken for fentanyl to traverse 
the dura and cerebrospinal fluid and bind to opiate 
receptors in the neuraxis of the spinal cord. An 
alternative explanation may be that the analgesic 
effect of epidural fentanyl is mediated systemically 
rather than in the neuraxis, and the delay is caused 
by the time for systemic absorption; in our study, 
adequate analgesia was obtained by epidural admin- 
istration once there was an adequate plasma concen- 
tration of fentanyl. 

We found a significant correlation between plasma 
fentanyl concentration and VAS pain score during 
epidural but not during IV fentanyl PCA administra- 
tion. Blood samples were taken at fixed time intervals 
and independent of the time of fentanyl administra- 
tion. Fentanyl displays hysteresis of its concentra- 
tion—effect relationship (25), with the difference being 
greatest just after a bolus dose is administered. The 
poor correlation between fentanyl plasma concentra- 
tion and VAS scores, when fentanyl was adminis- 
tered by intermittent IV doses via the PCA pump, 
may be explained by a continuously changing rela- 
tionship between plasma concentration and effect. 
However, the administration of fentanyl by bolus 
dose into the epidural space results in a slower 
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increase and decline in the systemic concentration 
(i.e., more closely resembling the plasma profile of an 
IV infusion), thus maintaining a more constant rela- 
tionship between plasma concentration and effect. 
The significant correlation between plasma fentanyl 
concentration and VAS scores with epidural PCA 
would thus further support the premise that systemic 
absorption is responsible for a major portion of the 
efficacy of epidural fentanyl. 

In conclusion, a PCA pump was used to establish 
the efficacy of epidural versus IV administration of 
fentanyl. The onset of adequate analgesia was slower 
via the epidural route. However, once equieffective 
analgesia was obtained, both fentanyl utilization and 
plasma concentrations were similar between the two 
routes of administration. Fentanyl’s high lipid solu- 
bility leads to rapid systemic absorption from the 
epidural space so that, unlike other less lipid soluble 
opiates, there is little advantage to its administration 
by the epidural route. Indeed, IV administration of 
fentanyl may be preferable because the onset of 
action is faster and the problems of epidural cathe- 
terization are avoided. 
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Hemidiaphragmatic Paresis During Interscalene Brachial 
Plexus Block: Effects on Pulmonary Function and Chest 


Wall Mechanics 


William F. Urmey, MD, and Marianne McDonald, BS, RRT 
Department of Anesthesiology, The Hospital for Special Surgery, Cornell University Medical College, 


New York, New York 


We studied the effects of unilateral hemidiaphrag- 
matic paresis caused by interscalene brachial plexus 
block on routine pulmonary function in eight pa- 
tients. In an additional four patients, we studied 
changes in chest wall motion during interscalene 
block anesthesia by chest wall magnetometry. Ipsilat- 
eral hemidiaphragmatic paresis, as diagnosed by 
ultrasonography, developed in all patients within 
5 min of interscalene injection of 45 mL of 1.5% 
mepivacaine with added epinephrine and bicarbon- 
ate. Large decreases in all pulmonary function varia- 
bles were measured in every patient. Forced vital 
capacity and forced expiratory volume at 1 s de- 


rachial plexus anesthesia by interscalene injec- 
tion of local anesthetic routinely causes sensory 
anesthesia of the fourth and fifth, and fre- 
quently of the third, cervical nerve. Using radio- 
graphic contrast labeling, Winnie (1) demonstrated 
that this was due to local anesthetic entering the 
cervical plexus after interscalene brachial plexus in- 
jections as small as 10 mL. Local anesthetic entering 
the cervical plexus at these levels probably results in 
one-sided diaphragmatic paresis, as the C-3-C-5 
nerve roots form the phrenic nerve. 
In a prior investigation of 13 healthy patients (2), 


we found that interscalene block resulted in a 100%. 


incidence of ipsilateral hemidiaphragmatic paresis. 
Diagnosis was made by ultrasonography (3-5), which 
clearly demonstrated paradoxical motion of the ceph- 
alad border of the zone of apposition of diaphragm to 
rib cage on the ipsilateral side during forceful sniff (a 
maneuver that rapidly decreases pleural pressure). 
Previous studies have shown consistent sizeable re- 
.ductions in pulmonary function during pathological 
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creased 27% + 4.3% and 26.4% + 6.8%, respectively 
(P = 0.0001). Peak expiratory and maximum midex- 
piratory flow rates were also significantly reduced. 
Interscalene block caused changes in pulmonary 
function and chest wall mechanical motion that were 
similar to those published in previous studies on 
patients with hemidiaphragmatic paresis of patholog- 
ical or surgical etiology. Interscalene block probably 
should not be performed in patients who are depen- 
dent on intact diaphragmatic function and in those 
patients unable to tolerate a 25% reduction in pulmo- 
nary function. 

(Anesth Analg 1992;74:352-7) 


unilateral phrenic nerve’ paralysis (6,7) as well as 
during direct local anesthetic blockade of one phrenic 
nerve (8). 

We determined that alterations in routine pulmo- 
nary function tests and chest wall mechanics occur as 
the result of unilateral hemidiaphragmatic paresis 
produced by interscalene block and how these pul- 
monary function test changes might compare to those 
previously published during complete unilateral 
pathological phrenic nerve paralysis. Chest wall mag- 
netometry was used to characterize the physiologic 
alterations in chest wall motion that occurred during 
the hemidiaphragmatic paresis that resulted from 
interscalene block. 


Methods 


After approval from our Institutiorial Review Board 
and written informed consent had been obtained, 
eight consecutive adult patients were studied. Pa- 
tients were ASA class I-III and had been scheduled 
for upper extremity orthopedic procedures under 
interscalene brachial plexus anesthesia. Two patients 
had preexisting pulmonary disease (patient 3, mod- 
erate chronic obstructive pulmonary disease and pa- 
tient 7, asthma). No premedication or sedation was 
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given until all testing was completed. Interscalene 
block was administered with the needle tip at, or 
caudad to, cricoid level according to the method of 
Winnie (1). A single paresthesia technique with a 
23-gauge 2.5-cm needle was used. Each patient re- 
ceived 45 mL of 1.5% mepivacaine with 5 ug/mL of 
epinephrine and 0.05 mEq/mL of sodium bicarbon- 
ate. 

Before anesthesia, real-time ultrasonography (Dia- 
sonics DRF-400, 3-MHz transducer) of the ipsilateral 
hemidiaphragm was done to confirm normal caudad 
motion during sniff. After application of noseclips, 
data were collected during two successive forced vital 
capacity maneuvers into a computerized bell spirom- 
eter (Warren E. Collins, Eagle II, Braintree, Mass.) 
with coaching by a respiratory therapist. Expiratory 
and inspiratory flow-volume curves were then gen- 
erated by forced expiration and inspiration into a 
Wedge Spirometer (Med Science, St. Louis, Mo.). X-Y 
flow-volume data were recorded from a dual-trace 
storage oscilloscope (Tektronix, Beaverton, Ore.) for 
later analysis. These measurements were repeated 
5 min after completion of interscalene local anesthetic 
injection, by which time all patients had ultrasono- 
graphically diagnosed ipsilateral hemidiaphragmatic 
paresis (paradoxical cephalad hemidiaphragmatic 
motion during sniff). 

To determine whether a reduction in expiratory 
function occurred during hemidiaphragmatic paresis 
that was not based on a reduction in total lung 
capacity, data were analyzed by volume-indexing the 
flow-volume curves. This was done by superimpos- 
ing the curves at the residual volume (RV) points and 
comparing the postanesthesia peak expiratory flow 
rate (PEFR) with the baseline flow rate at the same 
lung volume, as shown in Figure 1. 

To analyze the changes in chest wall mechanical 
motion that occur during interscalene block, an addi- 
tional four patients were studied using chest wall 
magnetometry (GMG Scientific, Boston, Mass.). Mea- 
surements of anteroposterior diameter changes of the 
rib cage at midsternum, of the left of the abdomen, 
and separately of the right half of the abdomen at the 
umbilical level were made during tidal and deep 
breathing (Figure 2). Data were recorded immediately 
before and 15 min after interscalene block and 10 min 
after ultrasonographically diagnosed hemidiaphrag- 
matic paresis. X-Y plots of these data were photo- 
graphed from the dual-trace storage oscilloscope. 


Results 


Ultrasonographic examination revealed that in all 
eight patients normal ipsilateral hemidiaphragmatic 
caudad motion changed to paradoxical cephalad mo- 
tion during forceful sniff within 2 min of interscalene 
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Figure 1. Representative data from a healthy patient comparing 
baseline (before interscalene block) maximum expiratory flow- 
volume curve with those measured at 2 and 5 min after inter- 
scalene injection of 45 mL of 1.5% mepivacaine with epinephrine. 
Decreased peak flows at same volumes (referenced to residual 
volume, RV) constitute evidence that the intact diaphragm nor- 
mally contributes to forced expiration. TLC represents total lung 
capacity before interscalene block. See text for discussion. 
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Figure 2. Representative modified Konno-Mead diagram is shown 
for one of the study patients. Vertical axis, ipsilateral and contra- 
lateral hemiabdominal anteroposterior (AP) diameter; horizontal 
axis, rib cage anteroposterior diameter. Tidal breathing loops 
beginning at functional residual capacity (FRC) are shown. Ipsilat- 
eral hemiabdominal expansion during inspiration changed to con- 
traction (paradoxical motion) during interscalene block in every 
patient. Contralateral hemiabdominal expansion during inspira- 
tion was more preserved. All patients had comparatively more rib 
cage than abdominal expansion with inspiration during inter- 
scalene anesthesia, reflecting recruitment of intercostal and acces- 
sory muscles of inspiration to compensate for compromised dia- 
phragmatic inspiratory action. Solid line, before anesthesia; dashed 
line, during anesthesia. 


Hemiabdominal AP Diameter 


Contralateral 





anesthetic injection. Thus, ipsilateral hemidiaphrag- 
matic paresis developed in 100% of the patients 
studied, as had been observed in our previous study. 
spirometry results for patients 3 and 7 who had 
preexisting obstructive lung disease showed changes 
during anesthesia that were similar in value to those 
measured in the six healthy patients. 

Table 1 displays the results of routine pulmonary 
function testing. All eight patients had large reduc- 
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Table 1. Comparison of Pulmonary Function Measurements Before and During Interscalene Block 





Spirometry Flow/volume loop 
Patient No. FVC (L) FEV; 9 (L) PEFR (L/s) FEF.. 75 (L/s) PEFR (L/s) PIFR (L/s) 
1 Preblock 3.36 3.02 7.39 3.73 6.0 3.8 
Postblock 2.50 2.20 6.06 2.52 5.1 3.8 
% Change —25.60 —27.15 —18.00 —32.44 15.0 0.0 
2 Preblock 3.73 3.32 6.50 4.22 5.6 5.9 
Postblock 2.45 2.17 5.25 2.88 5.5 3.3 
% Change —34,32 —34.64 — 19.23 —31.75 —1.8 —44,9 
3 Preblock 5.63 4.43 11.80 3.85 8.0 75 
Postblock 4.00 3.32 10.40 3.09 7.9 7.3 
% Change ~28.95 —25.06 11.86 —19.74 ~1.3 —2.7 
4 Preblock 5.96 4.11 10.00 2.62 7.4 4.0 
Postblock 4,19 3.04 7.60 2.03 6.5 3.9 
% Change —29.70 —26.03 — 24.00 —22.52 12.2 —2.5 
5 Preblock 4.14 3.09 5.18 2.48 5.8 5.0 
Postblock 2.94 2.36 5.12 2.47 4.5 3.8 
% Change ~28.99 —23.62 1,16 —0.40 ~22.4 —24.0 
6 Preblock 4,52 3.57 6.99 3.37 8.1 5.5 
Postblock 3.58 2.97 7.72 3.07 8.4 5.8 
% Change ~20.80 —16.81 10.44 —8.90 3.7 5.5 
7 Preblock 2.41 1.27 2.37 0.47 1.3 1.0 
Postblock 1.77 0.80 1.36 0.41 1.3 1.8 
% Change —26.56 —37.01 ~ 42.62 —12.77 0.0 80.0 
8 Preblock 4.77 3.98 8.70 4.14 7.0 7.0 
Postblock 3.70 3.17 7.32 3.56 7.0 6.0 
% Change —22.43 —20.35 15.86 —14.01 0.0 —14.3 


FVC, forced vital capaci 


the vital capacity; PIFR, inspiratory flow rate. 


tions in forced vital capacity (FVC) ranging from 21% 
to 34% within 5 min of interscalene local anesthetic 
injection. Mean FVC decreased 27.2% + 4.3% (P = 
0.0001) for the group. Similarly, forced expiratory 
volume at 1 s (FEV, ,) decreased between 17% and 
37%, with a mean reduction of 26.4% + 6.8% (P = 
0.0001). Postanesthesia peak expiratory flow rate de- 
creased in all but one patient, with a mean reduction 
of 15.4% + 15.7% (P < 0.05). Maximum midexpira- 
tory flow rate from 25% to 75% of the vital capacity 
decreased in every patient with a mean diminution of 
17.9% + 11.1% (P = 0.05). 

Volume-indexed PEFR decreased 6.0% + 9.1% 
(P = 0.05) during interscalene block (Figure 1), In- 
spiratory flow-volume curve analysis showed that 
peak inspiratory flow rates declined in five of eight 
patients and was unchanged in one patient. How- 
ever, these data were less reproducible (Table 1) than 
expiratory flow and volume data. - 

Using magnetometry, ipsilateral and contralateral 
hemiabdominal anteroposterior diameters were plot- 
ted as separate functions of increasing rib cage an- 
teroposterior diameter during spontaneous inspira- 
tion in four patients. A representative tracing from 
one of the patients is shown in Figure 2. After 
interscalene block, rib cage motion was ‘more pro- 
nounced than abdominal motion in all four patients. 


5 
T 


; FEV, œ forced expiratory volume at 1 s; PEFR, peak expiratory flow rate; FEF 75, forced expiratory flow from 25% to 75% of 


Because of the nature of the measurements, aritero- 
posterior diameter changes by magnetometry may be 
small during normal or deep breathing as one chest 
wall compartment may not move at all during breath- 
ing. However, the direction of motion and compari- 
son of the chest wall compartments may yield valu- 
able information regarding chest wall muscle 
function during breathing. In this case, the increase 
in rib cage activity reflected heightened activity of 
intercostal and accessory muscles of inspiration (mus- 
cles that act on the rib cage and not the abdomen), 
which are recruited to take over for the compromised 
diaphragm (9). In addition, paradoxical (inward) ip- 
silateral hemiabdominal motion during quiet or deep 
inspiration developed in each patient after receiving 
interscalene block. By contrast to the ipsilateral side, 
contralateral hemiabdominal expansion was dimin- 
ished in three of four patients (and actually increased 
in the one illustrated patient), but normal directional 
motion was preserved in all four patients. Thus, the 
abdomen departed from its usual one degree of 
freedom of motion (10). 


Discussion 


In each patient studied, measurements made 5 min 
after interscalene block injection showed a reduction 
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Table 2. Percentage Reductions in Pulmonary Function Secondary to Pathological, Surgical, or Interscalene 


Block-Induced Hemidiaphragmatic Paresis 





Decrease 
No. of in FVC 
Year Investigators Etiology of hemidiaphragmatic paresis patients (%) 
1967 Fackler et al. Complete unilateral surgical phrenic nerve section 14 22.7 
1967 Gould et al. Direct local anesthetic infiltration of phrenic nerve 8 29 
1975 Arborelius et al. Pathological paralysis of one hemidiaphragm 17 25 
1991 Urmey and McDonald Interscalene block 8 27 


FVC, forced vital capacity. 


in pulmonary function similar in magnitude to pub- 
lished results of studies on patients with complete 
unilateral phrenic nerve paralysis (Table 2) (6-8), For 
example, the diminution in FVC was 27.2% in our 
patients. In a study of 14 patients who underwent 
complete unilateral phrenic nerve section, Fackler et 
al. (7) found a mean decrease of 22.7% in vital 
capacity compared to preoperative values. Similarly, 
in 17 patients with pathological paralysis of one 
hemidiaphragm, Arborelius et al. (6) found that vital 
capacity, FEV, 9, and maximum voluntary ventilation 
were each reduced by an average of about 25% of 
predicted values. In a study of direct infiltration of 
one phrenic nerve with 25 mL of 1% mepivacaine in 
eight healthy volunteers, Gould et al. (8) found that 
inspiratory capacity, vital capacity, and total lung 
capacity were reduced by 27%, 29%, and 20%, respec- 
tively. Our comparable findings of mean reductions in 
FEV, and FVC of 26% and 27%, respectively, imply 
that functionally near complete paralysis of the ipsilat- 
eral hemidiaphragm occurred in every patient 5 min 
after interscalene block injection. These previous stud- 
ies were presumably done in the upright position, 
which is less sensitive for diagnosing diaphragmatic 
paresis because of the weight of the abdominal contents 
that act to pull the flaccid paretic hemidiaphragm 
downward (11). Our investigation was done on pa- 
tients in the supine position, in which the subject's 
abdominal contents push the paretic diaphragm in a 
cephalad direction and therefore may increase the de- 
gree of pulmonary dysfunction by means of a diminu- 
tion in vital capacity. We have since found in a separate 
study of 20 patients that a small further decrement in 
pulmonary function occurred when follow-up mea- 
surements were made after the 5-min point following 
interscalene local anesthetic injection (12). 

We believe that the major mechanism responsible 
for these measured decreases in spirometric volumes 
is diminished inspiratory strength resulting from 
diaphragmatic paresis. This leads to an inability to 
fully inspire to total lung capacity and a resultant 
decrease in FVC, as well as in the other volumes and 
flows that constitute routine pulmonary function 
testing. Any reduction in maximum inspiratory mus- 


cle effort will directly translate to at least an equal 
diminution in measured expiratory volume. Maxi- 
mum expiratory flows at any given volume will also 
decrease, as airflow from the lung is a single-valued 
function of lung volume. However, in addition to its 
role as the major muscle of inspiration, the dia- 
phragm may also have some degree of expiratory 
function (13). To quantify any reduction in expiratory 
function that occurred during hemidiaphragmatic 
paresis, data were analyzed by volume-indexing the 
flow-volume measurements (see Methods). Measur- 
ing any true loss in expiratory function is important 
in increasing our understanding of how this anes- 
thetic affects the patient’s ability to cough periopera- 
tively. The validity of the analysis used depends on 
there being no decrease in RV. Data from previous 
investigations showed increases in RV with unilateral 
hemidiaphragmatic paralysis (6,14). However, al- 
though we do not believe that RV decreased in our 
patients 5 min after interscalene block, we did not use 
gas dilution or plethysmographic techniques to eval- 
uate this. If, in fact, an increase in RV, as reported 
previously, occurred at this point, any measured 
reduction in PEFR that we found by volume-indexing 
would indeed underestimate the actual reduction. In 
any event, the patient under interscalene anesthesia 
has a decreased ability to deep breathe, cough, and 
clear secretions. The block may also interfere with the 
patient’s ability to perform effective incentive spirom- 
etry in the immediate postoperative period. ' 
Reports of altered chest wall mechanics during 
complete pathological paresis of both hemidia- 
phragms have been published previously (11,14,15). 
In these studies, normal and deep inspiration (the 
active part of normal breathing) were characterized by 
increased inspiratory upper rib cage expansion and 
abdominal paradoxical (inward) motion as illustrated 
in Figure 3. Therefore, in addition to causing large 
measurable decreases in standard pulmonary func- 
tion tests, phrenic nerve paresis changes the actual 
mechanics of respiration. During interscalene block, 
we found consistent similarly characterized. ata 
tions in chest wall mechanics, but with: bddminal 
paradoxical motion only on the. sae ae ne 
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Figure 3. Illustration of typical changes in chest wall motion 
measured by magnetometry during interscalene anesthesia. The 
ipsilateral hemiabdomen no longer expanded, contracting instead 
with tidal inspiration 10 min after interscalene brachial plexus 
injection of mepivacaine. 


Underlying lung expansion follows regional chest 
wall expansion. As the lower rib cage has been 
shown to act in the same manner and move in 
conjunction with the abdomen (15), unilateral hemi- 
diaphragmatic paresis may lead to decreased lower 
lung expansion on the side of the block. In fact, 
decreased regional ventilation has been measured on 
the affected side in unilateral hemidiaphragmatic 
paralysis (6). Thus, chest wall distortion during 
hemidiaphragmatic paresis may lead to regional at- 
electasis (2). 

Paralysis or severe weakness of the diaphragm 
does not by itself lead to respiratory failure in the 
completely healthy patient (17). However, normal 
respiration depends on timed coordination between 
the diaphragm and the other respiratory muscles 
(9,16,17). The activity of the compensatory muscles 
(intercostals and accessory) has been shown to de- 
crease during rapid eye movement sleep, and venti- 
lation is reduced during sleep in dogs with acute 
diaphragmatic paralysis (19). Interscalene block is 
often done in conjunction with general anesthesia or 
sedation, and the resulting inhibition of intercostal 
and accessory muscles during sleep or sedation may 


be detrimental to lung expansion and gas exchange. . 


For this reason, we administer oxygen to all of our 
patients receiving this form of regional anesthesia. 
In patients who are dependent on intact diaphrag- 
matic function and cannot recruit intercostal or acces- 
sory muscles to effect, as in ankylosing spondylitis, 
ventilatory failure may be precipitated by hemidia- 
phragmatic paresis (20). The fact that large reductions 
in pulmonary function tests were measured in our 
two patients with preexisting pulmonary disease has 
implications for determining anesthetic choice in pa- 
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tients with moderate or severe obstructive lung dis- 
ease. Patients unable to tolerate a potential 25% 
reduction in pulmonary function because of preexist- 
ing disease may benefit from another anesthetic 
technique, either general anesthesia with controlled 
ventilation or, if possible, axillary block as this re- 
gional anesthetic does not paralyze the diaphragm 
(2). Although infrequent, when a patient does de- 
velop dyspnea after interscalene injection, treatment 
should include reassurance, administration of oxy- 
gen, and placement of the patient in the sitting 
position if possible to optimize diaphragmatic me- 
chanics. If these measures fail, intermittent positive 
pressure by mask or controlled ventilation should be 
instituted. 

There are a few potential weaknesses concerning 
our study protocol, and data interpretation must be 
made while keeping these in mind. First, our mea- 
surements were made only 5 min after the block. This 
is a bit premature for complete major nerve blockade 
to occur, which may take 10-20 min for maximum 
local anesthetic effect. We have since made sequential 
measurements on more than 60 patients for a study 
period of 30 min after interscalene block and have 
found that only a small further decrement in pulmo- 
nary function occurred (12). We were indeed sur- 
prised to find that paresis of the phrenic nerve with 
the measured degree of pulmonary dysfunction oc- 
curred so rapidly after interscalene block. We have 
since found that all pulmonary function changes are 
essentially complete by 15 min (12). If respiratory 
insufficiency does occur, it should therefore be seen 
early, while the patient is under the care of the 
anesthetist. Second, we used a 45-mL dose of local 
anesthetic. There is some evidence that when using a 
single-injection technique, large volumes of local an- 
esthetic produce a more reliable block than smaller 
volumes (21). We have found in a more recent study 
that a 20-mL dose produced no significant difference 
in onset or degree of pulmonary dysfunction when 
compared in a randomized fashion with a 45-mL dose 
(12). Finally, interscalene block may also cause pare- 
sis of the accessory muscles of inspiration and of the 
scalene muscles that are classified as inspiratory 
muscles, and this may have contributed to the pul- 
monary function decreases measured. 

In conclusion, interscalene block caused large re- 
ductions in standard pulmonary function tests in 
every patient studied. The reductions in pulmonary 
function were similar in magnitude to those associ- 
ated with complete unilateral phrenic nerve paralysis 
published previously. This anesthetic technique sep- 
arately reduces inspiratory and expiratory abilities. 
On the basis of altered regional chest wall expansion, 
interscalene block may lead to variations in ventila- 
tion distribution, regional expiratory flows during 
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cough, and diminished lung expansion. Each of these 
factors could lead to postoperative atelectasis or other 
pulmonary morbidity, especially if long-acting local 
anesthetic agents or continuous infusions of local 
anesthetic are used for postoperative analgesia. 


We thank Dr. Nigel E. Sharrock for his careful review of this 
manuscript. l 
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Role of Afferent Neural Input in Regression of Sensory 
Paralysis During Epidural Analgesia 


Wasa Ueda, MD, PhD, Yuushuke Sagara, MD, PhD, and Masahisa Hirakawa, MD, PhD 
Departments of Anesthesiology and Obstetrics and Gynecology, Kochi Medical School, Kochi, Japan 


This study was designed to determine the role of the 
afferent peripheral neural input in the regression of 
sensory analgesia during epidural analgesia. Eigh- 
teen patients who underwent minor obstetric or 
gynecologic surgery under lumbar epidural analgesia 
with lidocaine were divided into three groups. Group 
A received electrical single twitch stimulation at the 
spinal nerve dermatome one segment rostrad of the 
proximal extent of sensory paralysis. Group B re- 
ceived electrical twitch stimulation at the anterior 
crural region where nerve block may have been most 
profound in this study. Group C was assigned as a 
control and did not receive any stimulation. The 


egression of sensory analgesia or acute toler- 

ance (tachyphylaxis) can occur during epidural 

algesia. “Tachyphylaxis” is the term used 

for the continuous decline in effect, manifested as 

either a diminished response to a standardized dose 

of local anesthetic or an increased dose requirement 

to maintain a constant analgesic response. Although 

tachyphylaxis is a well-known problem, its pathogen- 
esis remains to be clarified. 

In 1987, Bigler et al. (1) proposed a new hypothesis 
that tachyphylaxis is due to a relative reduction in the 
efficiency of the neurogenic block by local anesthetics 
secondary to posttraumatic increases in afferent neu- 
rogenic input, thereby overriding the neurogenic 
block. This hypothesis was based on experimental 
studies showing postinjury hypersensitivity or a 
finding of a lower threshold in nociceptors and in- 
creased excitability both peripherally and in the spi- 
nal cord after peripheral trauma (2). Bigler et al. 
attributed the reduced extent of sensory analgesia to 
increased afferent input that may override the block- 
ing effect of epidural analgesia at its weakest point; 
that point may be most rostrad, thereby primarily 
reducing the proximal extent of sensory analgesia. 

Clinical studies performed since the proposal of 


Accepted for publication October 4, 1991. ° 
Address correspondence to Dr. Ueda, Department of Anesthe- 
siology, Kochi Medical School, Kochi, 783, Japan. 


358 Anesth Analg 1992;74:358-61 


patients received the stimulation for 60 min (i.e., 
from 80 to 140 min after the epidural injection). The 
range of sensory analgesia at 140 min was compared 
with that at 80 min. The regression of sensory anal- 
gesia in group B or C was 1 + 0 (mean + sp) spinal 
nerve segments, but in group A it was 5 + 1, which 
was significantly (P < 0.0025) larger than the others. 
We conclude that the afferent peripheral neural input 
to a spinal segment where the nerve block is incom- 
plete may accelerate the regression of sensory anal- 
gesia from epidural analgesia. 

(Anesth Analg 1992;74:358-61) 


Bigler et al. have found new evidence concerning the 
pharmacokinetics of epidurally administered local 
anesthetics and the duration of analgesia in acute or 
chronic pain (3-7). However, no studies have been 
performed to test the validity of their hypothesis. 
Therefore, we designed a study to determine the role 
of the afferent peripheral neural input in the regres- 
sion of sensory analgesia during epidural analgesia. 


Methods 


The study was performed on 18 patients for whom 
prolonged epidural analgesia may not be advanta- 
geous. The studied patients underwent minor obstet- 
ric or gynecologic surgery, such as dilation and 
curettage or cone biopsy of the cervix. The study was 
approved by Ethics Committee for Medical Research 
of Kochi Medical School. Informed consent was ob- 
tained from each patient, and no complications or 
side effects were seen. 

The epidural catheter was inserted 5 cm upward 
from 14-5, and 2% lidocaine containing 1:200,000 
epinephrine was injected together with 0.1 mg of 
fentanyl through it. To obtain complete sensory an- 
algesia from T-10 to S-5, the volume of 2% lidocaine 
was adjusted according to the patient’s age, i.e., 
17 mL for 20-29 yr, 16 mL for 30-39 yr, and 15 mL for 
40-49 yr. The range of sensory analgesia was deter- 
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mined by the pinprick method. Surgery was started 
20-30 min after the epidural injection. 

After surgery, the patients were randomly divided 
into three groups (groups A, B, and C). The patients 
in groups A and B received electrical twitch stimula- 
tion. In group A, two electrocardiographic electrodes 
(Red Dot, 3M Medical-Surgical Division) were placed 
on the left side of the chest or abdominal wall at the 
spinal nerve dermatome, one segment rostrad of the 
proximal extent of complete sensory paralysis. The 
first electrode was placed along the mammillary line, 
and the second one was placed 3 cm lateral of the 
first. In group B two electrocardiographic electrodes, 
3 cm from each other, were placed at the middle of 
the left anterior crural region along the anterior tibial 
muscle bundle. The patients in group C were as- 
signed as controls and did not receive stimulation. 

The electrical twitch stimulus was generated witha 
Myotest RT5-3s MKII, BioMeter: output amplitude, 
300 V into the open circuit, 150 V into 2500-0 load; 
output current, variable from levels 0 to 10, or 0 to 
maximum 60 mA; output pulse shape, rectangular, 
0.2 ms wide. The frequency of the twitch was 1 Hz. 
Group A patients were allowed to adjust the output 
current by themselves to a maximum level at which 
they were able to tolerate the stimulus without feel- 
ing any discomfort or pain. In group B, the output 
current level of the generator was set at 8/10 of the 
maximum. The patients received the stimulation for 
60 min, i.e., from 80 to 140 min after the epidural 
injection. The range of sensory analzesia at 140 min 
was compared with that at 80 min. 

The results were expressed as the mean + sD. 
Two-way (time and group) analysis of variance with 
repeated measurements was used to assess the mean 
change in the extent of sensory analgesia. Differences 
among groups were tested by the Duncan’s test. 
P-values of less than 0.05 were considered significant. 


Results 


There were no significant differences in the age and 
body weight or the proximal extent of sensory anal- 
gesia at 80 min among the three patient groups (Table 
1). Group A patients received an output current level 
ranging from 7/10 to 8/10 of the maximum, which 
caused significant (P < 0.0025) regression of sensory 
analgesia at 140 min (Figure 1). The regression of 
sensory analgesia occurred bilaterally and symmetri- 
cally. There was no significant difference between 
groups B and C in the regression of sensory analgesia 
at 140 min. The distal extent of sensory analgesia was 
5-5 during the study period in all patients. 
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Table 1. The Physical Status of Patients and Proximal 


Extent of Sensory Analgesia 
+ 
Age BW Level of analgesia 
Group (yr) (kg) 80 min 140 min 
A 922 50 +3 T-10 + 1 L-3 + 2? 
B 315 48 + 3 T-10 +1 T-ll +1 
C 30 + 3 49 +3 T-10 +1 T-11 + 0 
BW, body weight. 
Values are mean + sp. 
*After epidural infection of anesthetic. 
èP < 0.0025 vs groups B and C. 
GROUP A GROUP B GROUP C 


pr 
Ww N ë ēâē m 





140 80 140 
TIME AFTER EPIDURAL INJECTION (MIN) 

Figure 1. The regression of sensory analgesia in groups A, B, and 

C during the study period. The level of sensory analgesia at 

140 min in group A is significantly (P < 0.0025) lower than in 

groups B and C. 


Discussion 


In regional analgesia, pain relief and operative dura- 
tion are not synonymous, and the operative duration 
that regional analgesia permits is usually less than the 
duration of pain relief afforded by that regional 
analgesia (8). We commonly learn by experience that 
the duration of analgesia is extremely short when the 
state of surgical analgesia is incomplete. For example, 
when surgical stimulation is given to an incompletely 
blocked area, the patient may recognize the stimula- 
tion as being touched for a moment, but the sensation 
may quickly change to pain. This suggests that sur- 
gical stimulation may reduce the efficacy and dura- 
tion of analgesia. 

The purpose of the electric stimulation in this 
study was to determine the effect of an innocuous 
stimulus on the regression of sensory analgesia when 
the stimulus is given to the spinal cord segment, 
where the quality of nerve block is either incomplete 
or complete. The stimulation in group A was given to 
the skin dermatome, one segment rostrad of the 
proximal extent of complete sensory paralysis as 
determined by the pinprick method, where the qual- 
ity of nerve block was assumed to be incomplete. The 
stimulation in group B was given to the skin der- 
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matome, where the nerve block may have been most 
profound in this study: the sensory dermatome of the 
anterior crural region is L-5, and the nerve supply of 
the anterior tibial muscle is L4-5 and S-1. 

The results in group B showed that an innocuous 
stimulus given to an area of profound nerve block 
with complete sensory paralysis does not influence 
the regression of sensory analgesia during epidural 
analgesia by lidocaine. The results in group A, on the 
contrary, suggested that peripheral nerve stimulation 
given to the spinal cord segments where the nerve 
block by epidural lidocaine is incomplete may accel- 
erate repression of the sensory analgesia even when 
the sensory input is not intense enough to cause a 
pain sensation. 

Perhaps the rapid regression of sensory analgesia 
in group A was due to the so-called postinjury 
hypersensitivity. Postinjury hypersensitivity, i.e., an 
increased sensitivity to noxious stimuli and pain after 
innocuous stimuli, has been produced by noxious 
skin stimuli that are sufficiently intense to produce 
tissue injury in experimental studies (2,9,10). The 
skin stimulus in this study was not so intense as to 
produce tissue injury. Thus, the cause of the rapid 
regression in sensory analgesia observed in group A 
may not be due to classical postinjury hypersensitiv- 
ity. However, the mechanism behind the rapid re- 
gression of sensory analgesia may be similar to 
postinjury hypersensitivity: the stimulation may have 
produced an increase in the excitability of the central 
nervous system, thereby producing rapid regression 
of sensory analgesia. 

In the management of continuous epidural analge- 
sia, the timing of successive doses is important; a 
refill dose given more than 10 min after disappear- 
ance of the preceding area of analgesia may result in 
significant attenuation of the nerve blocking effect 
(11). This suggests that increased peripheral and 
central nervous system excitability may contribute 
importantly to the occurrence of tachyphylaxis. Thus, 
our results strongly support the hypothesis proposed 
by Bigler et al. (1) in terms of the effect of peripheral 
nerve stimulation on the reduction in the efficacy of 
the neurogenic block achieved by a local anesthetic. 
Even innocuous stimuli caused rapid regression of 
sensory analgesia in this study. Thus, noxious stimuli 
derived from surgery can be an important cause of 
reduced efficacy of the neurogenic block during epi- 
dural analgesia when the stimuli are given to spinal 
segments where the nerve block is incomplete. 

Mogensen et al. (7) reported that there was no 
change in the rate of blood elimination in lidocaine 
tachyphylaxis. However, they also found that the 
rate of vascular absorption of anesthetic from the 
epidural space may contribute importantly to tachy- 
phylaxis associated with repeated epidural injection 
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of bupivacaine (5). Thus, increased clearance of epi- 
dural lidocaine has not been ruled out as a cause of 
regression of analgesia. 

As the metabolic rate of an organ increases with 
activity, local vasodilation and an increased blood 
flow usually result. This is also true in neural tissues. 
An increase in the nerve activity increases the neural 
tissue blood flow (12,13). Lidocaine applied topically 
to a nerve, on the contrary, reduces nerve blocd flow, 
which can be reversed by washing off the anesthetic 
(14). It is possible, therefore, that changes in the 
neural activity may influence the blood elimination 
rate of local anesthetic in the neural tissue. 

Peripheral nerves consist of either efferent or af- 
ferent neurons, and blood vessels of intrinsic circula- 
tion, which are surrounded by a perineurium to form 
a neuronal fascicle. The fascicles and blood vessels of 
the extrinsic circulation are covered with epineurium. 
Activation of unblocked neurons may cause vasodi- 
lation of the intrinsic blood vessels and increase the 
blood flow of the intrinsic and extrinsic circulation, 
which facilitates the blood removal of local anes- 
thetic. This may also be true in other neural tissues, 
including the spinal cord and its root. Thus, electrical 
stimulation in group A may have activated unblocked 
neurons, such as those conducting touch sensations, 
thereby enhancing clearance of the lidocaine from the 
neural tissue. The resultant decreased local concen- 
tration of the anesthetic may have facilitated the 
recovery of blocked neurons, such as those conduct- 
ing pain sensations. It is possible, therefore, that 
increased blood elimination of local anesthetic from 
neural tissues may be one of the causes of accelerated 
regression of analgesia. 

Epidural morphine administered with bupivacaine 
is reported to prevent tachyphylaxis (15). Addition of 
fentanyl to bupivacaine increased the duration and 
quality of analgesia in two studies (16,17), but neither 
study addressed its effect on tachyphylaxis. We eval- 
uated the effect of fentanyl on the regression of 
sensory analgesia in a separate study by conducting 
epidural analgesia with a lidocaine solution not con- 
taining fentanyl, but fentanyl did not apparently 
modify the effect of the afferent neural input on the 
decay of analgesia. 

In conclusion, we demonstrated that peripheral 
nerve stimulation given to spinal cord segments with 
complete nerve block by a local anesthetic does not 
influence the regression of the sensory analgesia. How- 
ever, nerve stimulation given to a spinal segment with 
incomplete nerve block may accelerate the regression of 
the sensory analgesia. Therefore, during epidural anal- 
gesia with lidocaine, we should be aware of the poten- 
tial for innocuous stimuli to exert an important influ- 
ence on the regression of the sensory analgesia when 
the nerve block is incomplete. 
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Differential Analgesic Effects of Low-Dose Epidural 
‘Morphine and Morphine-Bupivacaine at Rest and During 
Mobilization After Major Abdominal Surgery 


Jørgen B. Dahl, MD, Jacob Rosenberg, MD, Birgitte L. Hansen, RN, 
Nils-Christian Hjortso, MD, and Henrik Kehlet, MD, PhD | 


Departments of Anesthesiology and Surgical Gastroenterology, Hvidovre University Hospital, DK-2650 Hvidovre, 


Copenhagen, Denmark 


In a double-blind, randomized study, epidural infu- 
sions of low-dose morphine (0.2 mg/h) combined 
with low-dose bupivacaine (10 mg/h) were compared 
with epidural infusions of low-dose morphine (0.2 
mg/h) alone for postoperative analgesia at rest and 
during mobilization and cough in 24 patients after 
elective major abdominal surgery. All patients in 
addition received systemic piroxicam (20 mg daily). 
No significant differences were observed between the 
groups at any assessment of pain at rest (P > 0.05), 
whereas pain in the morphine/bupivacaine group 
was significantly reduced during mobilization from 


opioid has improved pain relief compared with 

administration of epidural local anesthetic 
alone after abdominal (1-4) and thoracic (5) surgery 
and cesarean delivery (6). However, results from 
studies comparing epidural local anesthetic/opioid 
mixtures with epidural opioids alone are contradic- 
tory (1,2,5-10), and in most studies, no benefit from 
the addition of local anesthetic has been demon- 
strated (1,5,8-10). 

The effects of epidural opioids and local anesthet- 
ics on pain during ambulation has not been system- 
atically investigated, but data from studies on cancer 
pain suggest that epidural morphine may have dif- 
ferential effects on different pain qualities (11). We 
speculated, therefore, whether a differential effect of 
morphine compared with a combination of morphine 
and bupivacaine could be demonstrated on postop- 
erative pain at rest and during various activities. 


l The combination of epidural local anesthetic and 
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the supine into the sitting position 12 and 30 h after 
surgical incision and during cough 8, 12, and 30 h 
after surgical incision (P < 0.05). We conclude, that 
low-dose epidural bupivacaine potentiates postoper- 
ative low-dose epidural morphine analgesia during 
mobilization and cough. Evaluation of postoperative 
analgesic regimens should include assessment of 
pain during various activities as different analgesics 
may have differential effects on pain at rest and 
during mobilization. 

(Anesth Analg 1992;74:362-5) 


The aim of this study was to investigate the influ- 
ence of low-dose bupivacaine as an adjunct to con- 
tinuous epidural infusion of low-dose morphine on 
postoperative pain at rest and during mobilization 
and cough after major abdominal surgery. 


Methods 


Twenty-four patients scheduled for elective major 
abdominal surgery were included in the study. In- 
formed consent was obtained from all patients, and 
the study was approved by the local Ethics Commit- 
tee. 

On the evening before surgery and again 1 h 
before surgery, the patients received piroxicam 
(40 mg orally). On the following 2 days 20 mg of 
piroxicam was administered rectally every morning. 
As premedication, patients received 5-15 mg of diaz- 
epam by mouth 1 h before operation. 

Before induction of general anesthesia an epidural 
catheter (Portex 18-gauge) was inserted between T-9 
and T-12, depending on the site of operation, and 
was tested with 2 mL of bupivacaine (7.5 mg/mL). 
Seven milliliters of plain bupivacaine (7.5 mg/mL) 
plus 2 mg of morphine was then injected epidurally, 


©1992 by the International Anesthesia Research Society 
0003-2999/92/55.00 


ANESTH ANALG 
1992;74:362-5 


followed by continuous epidural infusion of a mix- 
ture of bupivacaine (7.5 mg/mL) and morphine 
(0.05 mg/mL), 4 mL/h until the end of operation. 

General anesthesia was induced with thiopentone 
(2-5 mg/kg) and fentanyl (0.1-0.2 mg); after pre- 
curarization with pancuronium (0.01 mg/kg), succi- 
nylcholine (1.5 mg/kg) was used to facilitate orotra- 
cheal intubation. General anesthesia was maintained 
with N O/O, (2:1) and enflurane (0.25%-1%). Pancu- 
ronium or atracurium was used to supplement neu- 
romuscular blockade if necessary. 

At the end of surgery, but before general anesthe- 
sia was withdrawn, patients were randomized to 
receive either a continuous epidural infusion of mor- 
phine (0.05 mg/mL), (group M, 4 mL/h), or a contin- 
uous epidural infusion of a mixture of morphine 
(0.05 mg/mL) and bupivacaine (2.5 mg/mL), (group 
M + B, 4 mL/h), continued for 48 h postoperatively 
using a Pharmacia Deltec pump. Postoperatively, 
5 mg of morphine (IV or IM) with no limitations on 
frequency was given exclusively if requested by the 
patient. All patients remained in the intensive care 
unit for at least 12 h as recommended by. the Danish 
National Health Service. 

Pain scores on a visual analogue scale (0 mm = no 
pain, 100 mm worst pain imaginable) at rest, during 
mobilization from the supine into the sitting position, 
and during cough and levels of sensory analgesia 
(pinprick bilaterally) and motor blockade on a 0-3 
point scale (Bromage: 0 = no paralysis, 3 = total 
paralysis) were assessed 4, 8, 12, 24, 30, and 48 h after 
surgical incision by an investigator blinded to the 
treatment groups. 

Binomial data were evaluated with Fisher’s exact 
test. Morphine consumption and pain score between 
groups at each time point were evaluated with the 
Mann-Whitney rank-sum test for unpaired data. P < 
0.05 was considered significant. 


Results 


Groups M and M + B were not significantly different 
with regard to age, sex, height, body weight, and 
duration of surgery (Table 1), and whether surgery 
was in the upper or lower abdomen (Table 2). One 
patient in group M and one patient in group M + B 
underwent another operation 8 h (postoperative 
bleeding) and 32 h (necrotic stoma) after surgery, 
respectively, and data from these patients are only 
included until reoperation. 

Three patients in group M received additional 
morphine 0-24 h after surgical incision (20, 6, and 
18 mg, respectively), and four patients received ad- 
ditional morphine 24-48 h after surgical incision (5, 
35, 60, and 7 mg, respectively), whereas only one 
patient in the M + B group received a total amount of 
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Table 1. Demographic Data 


Epidural Epidural morphine ~ 
morphine + bupivacaine 
(n = 12) (n = 12) 
Age (yr) 66 + 4 6245 
Sex (male/female) 8/4 3/9 
Height (cm) 168 + 4 18 Bema 
Weight (kg) 70 + 4 7045 
Duration of surgery (min) 152 + 15 176 + 16 
Values are mean + SEM. 
P > 0.05 for all variables. 
Table 2. Surgical Procedures 
Epidural 
Epidural morphine + 
morphine bupivacaine 
(n = 12) (n = 12) 
Rectal amputation — 2 
Rectosigmoid resection 6 4 
Hemicolectomy 1 3 
Cholecystectomy 2 3 
Gastric resection 2 — 
Jejunal resection 1 — 


7.5 and 27.5 mg of additional morphine 0-24 and 
24-48 h after surgical incision (P > 0.05). 

No significant differences in pain scores were ob- 
served between the two groups at rest, during mobi- 
lization from the supine into the sitting position, or 
during cough 4 h after surgical incision. The com- 


- bined epidural blockade with bupivacaine and mor- 


phine, initiated before surgery, was still effective 
during this period as evaluated by pinprick in both 
groups (Figure 1). After this time, when regression of 
sensory blockade to pinprick in group M was evident 
(Figure 1), no significant differences were observed 
between the groups at any assessment of pain at rest 
(P > 0.05}, whereas a significant difference was 
observed during mobilization from the supine into 
the sitting position 12 and 30 h after surgical incision 
and during cough 8, 12, and 30 h after surgical 
incision (P < 0.05) (Figure 2). 

No sensory blockade to pinprick was detectable in 
group M patients 24 h after surgical incision except 
for two patients with residual blockade from T-4 to 
T-6 and T-3 to L-2 48 h after surgery, respectively. 
Sensory blockade to pinprick from mean T-6 to T-12 
was still present in group M + B patients 48 h after 
surgical incision (Figure 1). No motor blockade was 
demonstrable in group M or group M + B 8 and 12 h 
after surgical incision, respectively, in any patient. 
No cardiovascular or respiratory complications re- 
quiring treatment were observed during the study. 
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Figure 1. Sensory analgesia to pinprick after intraoperative com- 
bined epidural and general anesthesia in patients receiving contin- 
uous epidural infusion of 0.05 mg/mL of morphine, 4 mL/h (dashed 
line, M), or continuous epidural infusion of 0.05 mg/mL of mor- 
phine + 2.5 mg/mL of bupivacaine, 4 mL/h (solid line, M + B), 
mean + SEM. Level of insertion of epidural catheter T-8.8 + 0.3 and 
T-8.8 + 0.4 in the morphine and morphine + bupivacaine group, 
respectively (mean + SEM). 


Discussion 


Continuous epidural administration of local anesthet- 
ics may be a powerful tool in pain alleviation during 
the postoperative period, but unpredictable instabil- 
ity (12,13) as well as tachyphylaxis (14,15) may com- 
promise maintenance of analgesia, with insufficient 
control of pain at rest and during mobilization. In 
experimental studies, local anesthetics have been 
demonstrated to potentiate spinal morphine antinoci- 
ception even at doses at which the drugs by them- 
selves had no or little effect (16). In clinical studies, 
the combination of epidural local anesthetics with 
opioids has been demonstrated to maintain sensory 
analgesia (3,4) and to improve pain relief after ab- 
dominal (1-4), thoracic (5), and gynecologic (6) sur- 
gery compared with epidural local anesthetics alone, 
thus confirming the experimental data (16). 

In contrast, results from studies comparing epidu- 
ral local anesthetic/opioid mixtures with epidural 
opioid alone are contradictory (1,2,5-10), as all but 
two studies with administration of high-dose epidu- 
ral local anesthetic (2,7) showed no advantageous 
effect of adding local anesthetic to epidural opioid. In 
none of these studies, however, was pain assessed 
during various activities (1,2,5-10). 

The afferent nociceptive input from the operative 
field may differ during rest and mobilization, but the 
effect of epidural opioids and local anesthetics during 
ambulation has not been systematically investigated. 
In our study, we observed no significant difference 
between pain scores at rest during a continuous 
epidural infusion of morphine as compared with 
morphine plus bupivacaine, whereas pain was more 
pronounced (P < 0.05) during mobilization and 
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Figure 2. Pain at rest, during mobilization from the supine into the 
sitting position, and during cough in patients receiving continuous 
epidural infusion of 0.05 mg/mL of morphine, 4 mL/h (dashed line), 
or continuous epidural infusion of 0.05 mg/mL of morphine + 
2.5 mg/mL of bupivacaine, 4 mL/h (solid line), mean + sem. *P < 
0.05. i . 


cough in patients who received epidural morphine 
only. 

Both groups of patients in our study received an 
intraoperative epidural blockade with bupivacaine 
and morphine, as preemptive neural blockade has 
been proposed to reduce postoperative pain (17). 
Thus, the differences in postoperative pain between 
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the groups observed in our study cannot be related to 
differences in the extent of post injury-pain hyperal- 
gesia induced by the surgical trauma. 

As administration of nonsteroidal antiinflamma- 
tory drugs has been demonstrated to reduce pain and 
systemic opioid requirements after major surgery 
(18), both groups of patients in our study received 
piroxicam in the perioperative period. Although an 
additive or synergistic effect of nonsteroidal antiin- 
flammatory drugs combined with epidural opioid or 
opioid/local anesthetic has not been documented, 
there is no reason to believe that the addition of 
nonsteroidal antiinflammatory drugs should favor 
the combination of epidural morphine and bupiv- 
acaine more than epidural morphine alone. 

Whether the addition of low-dose local anesthetic 
to continuous low-dose opioid may increase side 
effects or morbidity was not addressed in our study 
and remains to be settled. In three studies in patients 
after abdominal surgery (1), thoracotomy (5), and 
orthopedic surgery (9), no differences in side effects 
were found. In the study by Badner and coworkers 
(9), significant hypotension and respiratory depres- 
sion developed in one patient receiving a combina- 
tion of low-dose epidural fentanyl and bupivacaine. It 
is not clear, however, whether this was due to the 
addition of bupivacaine, as severe respiratory depres- 
sion has been demonstrated after epidural adminis- 
tration of fentanyl alone (19,20). 

In conclusion, in a double-blind, randomized 
study, low-dose bupivacaine was demonstrated to 
improve postoperative epidural morphine analgesia 
during mobilization from the supine into the sitting 
position and during cough in patients after major 
abdominal surgery, whereas no significant difference 
was observed when pain was assessed at rest. Com- 
parison of different postoperative analgesic regimens 
should include assessment of pain during various 
activities, as different analgesic methods may have 
differential effects on pain at rest and during mobili- 
zation. 
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systemic Piroxicam as an Adjunct to Combined Epidural 
Bupivacaine and Morphine for Postoperative Pain Relief— 


A Double-Blind Study 
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and Department of Surgical Gastroenterology, Copenhagen University Medical School, Hvidovre Hospital, Denmark 


In a randomized, double-blind, placebo-controlled 
trial, we assessed the value of adding rectal piroxicam 
to a low-dose epidural regimen for postoperative pain 
relief. Forty-four patients scheduled for major upper 
abdominal surgery during combined thoracic epidu- 
‘ral (bupivacaine + morphine) and general anesthesia 
were studied. Postoperative analgesia was achieved 
by using epidural bupivacaine (10 mg/h) plus mor- 
phine (0.2 mg/h) for 72 h. In addition, the patients 


randomly received a placebo or rectal piroxicam ' 


(40 mg 12 h before surgery, 20 mg with premedica- 
tion, and 20 mg every 24 h for 72 h). Pain was 


poor in daily clinical practice (1). Systemic opi- 
oids may provide variable analgesia but not 
total pain relief without side effects. Epidural admin- 
istration of local anesthetics and opioids, alone or in 
combination, provides improved pain relief but also 
presents the risk of side effects (2-7). | 
We previously emphasized that total postoperative 
pain relief cannot be achieved by a single drug or 
method without major expenditure on equipment 
and/or surveillance systems or without significant 
side effects (8), and therefore recommended com- 
bined analgesic regimens (balanced analgesia) or a 
multimodal approach to the treatment of postopera- 
tive pain (8,9). Nonsteroidal antiinflammatory drugs 
(NSAIDs) reduce pain after surgery (10-15). Their 
mechanism of action is different from local anesthet- 
ics and opioids, as NSAIDs inhibit the synthesis and 
release of prostaglandins at the site of the surgical 
trauma, thereby reducing the hyperalgesia caused by 


l the standard of postoperative pain treatment is 
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evaluated every 4 h at rest, during coughing on 
demand, and during mobilization. The sensory level 
of analgesia was evaluated by pinprick. We found no 
significant difference between piroxicam and placebo 
with regard to postoperative pain scores or need for 
supplementary analgesics. Thus, we were unable to 
demonstrate enhanced analgesia by adding piroxi- 
cam to an otherwise very effective low-dose epidural 
bupivacaine and morphine treatment after upper 
abdominal surgery. 

(Anesth Analg 1992;74:366~70) 


prostaglandin-mediated sensitization of the nocicep- 
tors to mechanical or chemical stimulation after tissue 
injury (16). The aim of this study was to evaluate the 
effect of adding an NSAID (piroxicam) to a low-dose 
regimen of continuous epidural local anesthetics and 
morphine on pain relief after major upper abdominal 


surgery. 
Methods 


This was a randomized, placebo-controlled, double-. 
blind trial designed and consistent with the Helsinki 
Il Declaration. The study was approved by the re- 
gional ethical committee and the Danish Health Ser- 
vice, and informed consent was obtained from each 
patient. The study was designed to include 40 pa- 
tients, therefore excluded patients were replaced. 
Forty-four patients scheduled for major upper ab- 
dominal surgery were premedicated with diazepam 
(0.2 mg/kg) and given general anesthesia induced 
with fentanyl (0.2 mg) and thiopental (3-5 mg/kg); 
after precurarization with pancuronium (0.01 mg/kg), 
succinylcholine (1.5 mg/kg) was used to facilitate 
orotracheal intubation. General anesthesia was main- 
tained with N,O/O, (2:1), enflurane (0.5%-1.5%), 
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and small amounts of pancuronium if necessary. An 
epidural catheter was inserted between T-7 and T-8 
before induction of general anesthesia, and 9 mL of 
plain bupivacaine (0.5%) and 2 mg of morphine was 
used to produce epidural analgesia. 

The postoperative pain treatment consisted of 
4 mL/h of 0.25% epidural bupivacaine plus 0.2 mg/h 
of morphine initiated 30 min after the initial dose of 
bupivacaine and morphine and scheduled for 72 h. 


Drugs were delivered by a Pharmacia Deltec infusion 


pump. The patients were randomized double-blind to 
receive either piroxicam (Felden, 40 mg rectally 12 h 
before surgery, 20 mg rectally together with premedi- 
cation, and 20 mg every 24 h for 72 h; group 1) or 
placebo suppositories (group 2). On request the pa- 
tients received supplemental morphine (0.15 mg/kg) 
intramuscularly. 

Pain was evaluated every 4 h when the patients at 
rest were asked to cough and during mobilization 
from the supine to sitting position in bed using a 
10-cm visual analogue scale (VAS) and verbal rate 
scoring (0 = no pain, 1 = slight pain, 2 = moderate 
pain, 3 = severe pain, and 4 = unbearable pain). The 
sensory level of analgesia was evaluated by pinprick. 
There were no measurements between midnight.and 
8 AM. The evaluation was performed by the authors. 

Results are expressed as median + range. The 
Mann-Whitney test for unpaired data was used to 
compare the two groups. As the trial design implied 
multiple within-person assessments of pain over 
time, the relevant statistical method is analysis of 
variance. Because of ordinal measurements, we used 
a corresponding nonparametric method (17) in which 
treatments were compared with the Mann-Whitney 
test for unpaired data disregarding time, but both the 
factor time and the interaction between time and 
treatment were assessed by Friedmann tests. P < 0.05 
was considered as significant. The number of patients 
was chosen to insure 2a = 0.05 and 8 = 0.05 with an 
effect of 1.5 cm on the VAS score during cough. This 
gives approximately 20 patients in each group with a 
standard deviation on 1.2 cm. To indicate the statis- 
tical power of the trial, median difference and 95% 
confidence limits were calculated for the VAS scores 
during mobilization. 


Results 


Four patients were excluded from the study: two 
because of a nonfunctioning epidural catheter, one 
because the patient did not receive the piroxicam/ 
placebo in the morning before surgery, and one with 
hypotension because of hypovolemia a few hours 
postoperatively. Thus, the study population com- 
prised 40 patients. 

In group 1 the surgical procedures were vagotomy 
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Table 1. Clinical Data 


Epidural + Epidural + 
piroxicam placebo 
(n = 20) (n = 20) P 
Age (yr) 55 (21-72) 57 (21-81) NS 
Weight (kg) 70 (50-119) 67 (46-91) NS 
Height (cm) 174 (155-192) 174 (160-182) NS 
Duration of 270 (80-330) 308 (150-780) <0.05 
surgery (min) 
Blood loss (mL) 300 (0-2000) 1060 (150-4000) <0.05 
Supplemental IM 
morphine (mg) 
Day 1 6.25 (0-60) 0 (0-40) NS 
Day 2 0 (0-20) 0 (0-30) NS 
Day 3 0 (0-25) 0 (0-10) NS 


IM, intramuscular; NS, not significant. 
Values are median (range). 


(n = 5), choledochojejunostomy (n = 3), cholecystec- 
tomy (n = 3), small bowel resection (n = 2), gastric 
resection (n = 2), pancreatectomy (n = 2), right 
hemicolectomy (n = 2), and hemihepatectomy (n = 
1). The procedures in group 2 were pancreatectomy 
(1 = 7), hemihepatectomy (n = 5), small bowel 
resection (n = 2), gastric resection (n = 2), vagotomy 
(n = 1), right hemicolectomy (n = 1), cholecystectomy 
(n = 1), and explorative laparotomy (n = 1). 

There was no difference between age, weight, and 
height in the two groups (Table 1). There was a 
significantly longer duration of surgery and blood 
loss in the placebo-treated patients (Table 1). Median 
VAS and verbal rate scores at rest, during cough, and 
during mobilization are shown in Figure 1. No sig- 
nificant difference between the piroxicam group (1) 
and the placebo group (2) was found. Owing to the 
long duration of surgery, evaluation of the patients in 
group 2 during cough and mobilization could only be 
done in 11 patients before the 12th hour after induc- 
tion of anesthesia. The daily supplemental intramus- 
cular dose of morphine was similar in the two groups 
(Table 1). o 

The number of patients with severe pain (verbal 
rate > 2) or no pain (verbal rate = 0) experienced at 
each measurement during cough is shown in Figure 
2. There was no statistical difference between the two 
groups. 

The calculated risk of an error of the second kind to 
overlook a difference in VAS scores during cough 
between the two groups is shown in Figure 3. There 
appears to be no risk for having overlooked a clini- 
cally important positive treatment effect of piroxicam. 

The sensory levels of analgesia are shown in Fig- 
ure 4. There was a slight but significant decrease in 
sensory level of analgesia in both groups (P < 0.05). 
However, there was no difference between the 
groups (P > 0.05). 
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Figure 1. Median postoperative pain scores during rest (top), 
cough (middle), and mobilization (bottom) during continuous epid- 
ural bupivacaine (10 mg/h) plus morphine (0.2 mg/h) and systemic 
piroxicam (20 mg daily) (—) or placebo (—) ARET major upper 
abdominal surgery (P > 0.3). 


Six patients required no urinary catheter during 
the study period. However, one of these needed an 
in and out catheterization. Eight patients had the 
catheter for 24 h, and seven patients had the urinary 
catheter for 48 h. One of these patients was recathe- 
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Figure 2. Number of patients pain free (verbal rate = 0) (top) and 
number of patients with severe pain (verbal rate =2) (bottom) 
during cough, during continuous epidural bupivacaine (10 mg/h) 
plus morphine (0.2 mg/h) and systemic piroxicam (20 mg daily) (—, 
n = 20) or placebo (—, n = 20) after major upper abdominal surgery 
(P > 0.3). 
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Figure 3. Median difference in VAS pain ({epidural + piroxicam] — 
(epidural + placebo]) during mobilization with 95% confidence 
limits. 


terized because of urinary retention. Nineteen pa- 
tients required the urinary catheter during the 72-h 
study period owing to extensive surgery. No respira- 
tory or bleeding complications indicating treatment 
were seen. 
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Figure 4. Median sensory level of analgesia (pinprick) during 
continuous epidural bupivacaine (10 mg/h) plus morphine (0.2 
mg/h) and systemic piroxicam (20 mg daily) (—) or placebo (---) 
after major upper abdominal surgery (P > 0.05). 


Discussion 


Despite the major efforts in treatment of postopera- 
tive pain during recent years, it has still not been 
possible to prescribe a postoperative regimen after 
major upper abdominal surgery with total pain relief 
in all patients without the risk of side effects (8,9). 
Epidural local anesthetics in combination with mor- 
phine seems to be one of the most powerful methods, 
although not perfect, owing to the risk of respiratory 
depression, hypotension, and urinary retention with 
the higher doses needed to provide total pain relief 
(6,7). When the doses of morphine and local anes- 
thetics are reduced, the number of side effects may 
decrease at the cost of inadequate pain relief. There- 
fore, there is a need for a new approach in the 
treatment of severe acute pain. We have previously 
advocated the term “balanced analgesia” (ie., a 
combination of low doses of different analgesic drugs 
with different antinociceptive characteristics) (9). 

As NSAIDs in most studies have shown a benefi- 
cial effect on postoperative pain after both abdominal 
and orthopedic surgery (10-15), we added rectally 
administered piroxicam to a low-dose continuous 
epidural local anesthetic plus morphine regimen to 
improve pain relief and at the same time hopefully to 
reduce side effects. Piroxicam, a long-acting NSAID, 
was chosen because it can be administered rectally 
with the same pharmacokinetic profile as seen after 
oral administration (18). The dose used in this study 
is equal to the dose used in previous studies (11,15). 

However, we were unable to show enhanced an- 
algesia by adding piroxicam (about 20 mg daily) to 
our epidural regimen. The epidural regimen (control) 
was very effective in itself with median pain scores at 
zero during rest, but 10%-20% of patients had pain 
(verbal rate > 2) during cough and mobilization. 


REGIONAL ANESTHESIA AND PAIN MANAGEMENT 


MOGENSEN ET AL. 369 
PIROXICAM FOR POSTOPERATIVE PAIN 


The explanation for our inability to demonstrate an 
enhanced analgesic effect by piroxicam is not appar- 
ent from our study. One possibility could be an 
insufficient dose of piroxicam, but Sunshine et al. (14) 
in a study in surgery of less magnitude than ours did 
not show important differences between 20 and 
40 mg with regard to pain relief. Furthermore, we 
used a preoperative initial dose of 40 mg 12 h before 
the operation. It is not likelv that our negative results 
are due to an error of the second kind, as the median 
difference in analgesic effect is about zero between 
the two groups with very small 95% confidence limit 
(Figure 3). Although most studies have shown a 
positive effect of NSAID on postoperative pain and 
reduced requirements for opioids (10-15,19,20), the 
studies after laparotomy may be less positive than 
after other procedures (15). An additive/synergetic 
analgesic effect of adding piroxicam to opioid therapy 
has previously been demonstrated only in relatively 
minor laparotomy procedures or orthopedic surgery 
(14,21). 

Our results may therefore be explained by the fact 
that the epidural regimen was very effective and that 
appearance of pain after major laparotomy cannot be 
further inhibited by adding piroxicam, at least not 
with the dose applied in this study. We are not able to 
differentiate the appearance of pain from the somatic 
vs the visceral system, which also may be of impor- 
tance as NSAIDs probably are more effective in 
somatic acute pain. However, the pain during mobi- 
lization most probably comes from the abdominal 
wall, i.e., the somatic system. 

In a previous study we have shown that the 
combination of indomethacin with epidural analgesia 
was extremely effective in alleviating postcholecystec- 
tomy pain (22). However, in that study the epidural 
dose of morphine was much higher (12 mg/24 h) 
compared with the present study, which makes it 
difficult to interprete the influence of indomethacin 
per se. Possible differential effects between different 
NSAIDs have not been evaluated (15). Regarding side 
effects, patients were observed on the general ward 
after an initial 12-h observation in the recovery room. 
We found no side effects except for one case of 
urinary retention. However, this does not allow any 
conclusion with regard to postoperative bladder dys- 
function, as many patients had bladder catheteriza- 
tion for reasons other than the epidural pain treat- 
ment. Obviously, the relatively small size of our 
study did not allow conclusions on the risk of respi- 
ratory side effects, although they were not observed. 

In conclusion, our double-blind study was not able 
to demonstrate an additional analgesic effect of 
piroxicam (20 mg daily) when combined with a low- 
dose epidural local anesthetic/morphine regimen af- 
ter major abdominal surgery. However, the use of the 
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multimodal approach (balanced analgesia) in the 
treatment of postoperative pain should be further 
evaluated, primarily during different surgical proce- 
dures, as should the possible differential efficacy 
profiles of different NSAIDs. 
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Alkalinization of Mepivacaine for Axillary Block 


Joseph J. Quinlan, MD, Karole Oleksey, BA, and Frank L. Murphy, MD 
Department of Anesthesiology, University of Pennsylvania, Philadelphia, Pennsylvania 


We examined the onset and distribution of sensory 
blockade, the onset of motor blockade, and venous 
mepivacaine concentrations after axillary block with 
1.25% mepivacaine with and without bicarbonate. 
There were no statistically significant differences be- 
tween the alkalinized and placebo groups with re- 
spect to distribution of analgesia or anesthesia, time 
to onset of analgesia, or time to onset of paresis. 
However, alkalinization significantly decreased the 


ne means of hastening onset of regional 

blockade is to add sodium bicarbonate to 

commercially available hydrochloride salts of 
local anesthetics. Studies in epidural blockade have 
shown that alkalinization speeds onset of block (1-3), 
but results with alkalinization of local anesthetics in 
brachial plexus blockade have been conflicting (4-7). 
We examined the onset and distribution of sensory 
blockade, the onset of motor blockade, and venous 
concentrations of mepivacaine after axillary block 
with 1.25% mepivacaine with and without bicarbon- 
ate. 


Methods 


The protocol was approved by our institutional hu- 
man investigation committee. We studied 26 adult 
patients scheduled for surgery on the hand or arm. 
We excluded patients with liver disease, kidney dis- 
ease, seizure disorder, or extremes of weight (<50 kg 
or >100 kg) or age (>70 yr). Patients were randomly 
allocated to either the saline or alkalinized group. 
Standard monitoring equipment was applied, and 
a 16-gauge venous cannula was placed in the contra- 
lateral arm. The axilla was prepared and draped in a 
sterile manner. Axillary block was performed with a 
22-gauge short-bevel needle using an immobile nee- 
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time to onset of anesthesia in the medial cutaneous 
nerve of the forearm, the median nerve, and the 
ulnar nerve, as well as the time to onset of paralysis. 
Concentrations of mepivacaine in venous blood did 
not differ significantly. We conclude that alkalinized 
mepivacaine offers the advantage of quicker onset of 
more profound blockade in several terminal nerve 
distributions. 

(Anesth Analg 1992;74:371-4) 


die technique. Residents performed all blocks under 
the direct supervision of one of the authors. The 
anesthetist attempted to transfix the axillary artery 
and disregarded any paresthesiae. Finger pressure 
was placed over the axillary artery distal to the site of 
injection. When the needle had passed through the 
posterior wall of the artery and aspiration tests were 
negative, a stopwatch was set (i.e., zero time for data 
collection), and 25 mL of local anesthetic was in- 
jected. An aspiration test was performed after injec- 
tion of each 5 mL. The needle was withdrawn until it 
was no longer in the arterial lumen, and 25 mL of 
local anesthetic again was injected using the same 
technique. 

. Anesthetic solutions were mixed immediately be- 
fore injection and consisted of 1.25% mepivacaine 
(equal volumes of 1% and 1.5% mepivacaine), plus 
1 mL per 10 mL of solution of either 7.5% sodium 
bicarbonate or 0.9% NaCl. The mepivacaine concen- 
tration of the injected solutions was 1.13%. 

The same blinded observer tested the onset of 
sensory blockade in the distribution of each of the 
terminal nerves of the brachial plexus every 2 min for 
30 min in each patient. Analgesia was defined as a 
dulled sensation of pinprick, and anesthesia was 
defined as complete loss of ability to sense pinprick. 
Onset of motor blockade was tested at two sites. 
Proximal motor blockade was evaluated by ability to 
extend the forearm at the elbow. The patient subjec- 
tively reported the onset of paresis. Inability to ex- 
tend the forearm against gravity constituted paraly- 
sis. Distal motor blockade was evaluated by the 
method of Winnie et al. (8). A pediatric blood pres- 
sure cuff was wrapped around the hand, and the 
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AX MCA MCFALLCA MC PCFA RAD ED ULN 


[IBICARBONATE ERS SALINE 
Figure 1. The percentage of patients in whom analgesia developed 
within the study period is plotted for each of the terminal nerves of 
the brachial plexus. AX, axillary; MCA, medial cutaneous of the 
arm; MCFA, medial cutaneous of the forearm; LLCA, lower lateral 
cutaneous of the arm; MC, musculocutaneous; PCFA, posterior 
cutaneous of the forearm; RAD, radial; MED, median; ULN, ulnar. 


pressure generated by maximal contraction was 
noted before nerve blockade. Inability to achieve this 
pressure after the block constituted paresis. Inability 
to move the fingers constituted paralysis. 

Blood for determination of mepivacaine concentra- 
tion was drawn from the venous cannula before the 
block and every 3 min for 30 min and then at 45, 60, 
90, and 120 min after the block. 

The intercostobrachial nerve was blocked by sub- 
cutaneous injection of 10 mL of 0.5% bupivacaine 
after the 30-min study period. 

` The pH of 1.25% mepivacaine solutions was deter- 
mined by a pH meter. Sodium bicarbonate was added 
incrementally to the continuously stirred solution, 
and the resultant pH was noted. 

Plasma concentration of mepivacaine was deter- 
mined by gas chromatography (9). 

Statistical analysis was by y’-analysis (comparison 
of frequency of successful blockade) or by analysis of 
variance. A.P value of less than 0.05 was assigned 
statistical significance. 


Results 


Fifteen patients received alkalinized solutions, and 11 
received the control solutions. No statistically signif- 
icant differences were found between the saline and 
alkalinized groups with respect to age, height, and 
weight. 

The pH of 1.25% mepivacaine mixed from freshly 
opened vials was 5.55. The pH of the mepivacaine 
plus saline was 5.55. The pH of the alkalinized 
mepivacaine was 7.30. 

Figures 1 and 2 show the percentage of patients in 
both groups in whom analgesia and anesthesia de- 


ANESTH ANALG 
1992;74:371-4 


Z 
3 





°sSsBStSSSES 


AX MCA MCFA LICA uC PCFA RAD MED ULN 
CCIBICARBONATE ESASALINE 


Figure 2. The percentage of patients in whom anesthesia devel- 
oped during the study po is plotted for each of the terminal 
nerves of the brachial plexus 
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Figure 3. Mean time to onset of analgesia in minutes is plotted for 
each of the terminal nerves of the brachial plexus. Error bars are 
standard error of the mean. 


veloped, canes in each of the terminal nerves 
of the brachial plexus. There were no statistically 
significant differences between the alkalinized and 
saline groups with respect to distribution of nerve 
blockade. 

Figure 3 shows the mean time to onset of analgesia 
in each of the terminal nerves of the brachial plexus. 
There were no statistically significant differences be- 
tween the groups in time to onset of analgesia. Figure 
4 shows the mean time to onset of anesthesia in each 
of the terminal nerves of the brachial plexus. Alkalin- 
ization significantly shortened the time to onset of 
anesthesia in the medial cutaneous nerve of the 
forearm, the median nerve, and the ulnar nerve. 

Figures 5 and 6 show the mean time to onset of 
proximal and distal paresis and paralysis. There was 
no significant difference in time to onset of paresis, 
but alkalinization significantly shortened the time to . 
onset of both proximal and distal paralysis. Alkalin- 
ization had no significant effect on the number of 
patients in whom paresis or paralysis developed. 
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Figure 4. Mean time to onset of anesthesia in minutes is plotted for 
each of the terminal nerves of the brachial plexus. Error bars depict 
standard error of the mean. Asterisks denote significant differences 
between the alkalinized and placebo groups. 
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Figure 5. Mean time to onset of paresis and varalysis of forearm 
extension at the elbow (proximal motor block) is plotted for the 
placebo and alkalinized groups. Error bars are standard error of the 
mean. Asterisks denote significant differences between the groups. 


Figure 7 shows the mean venous plasma concen- 
trations of mepivacaine at each of the sampling times 
for both the alkalinized and saline groups. Although 
mean mepivacaine concentrations were slightly 
greater in the alkalinized group, the difference was 
not statistically significant. 


Discussion 


Calculations based on the Henderson-Hasselbach 
equation reveal that alkalinization of mepivacaine 
from a pH of 5.55 to 7.30 increases the percentage of 
mepivacaine present as the free base from less than 
1% to 33%. It is the un-ionized free-base moiety that 
= can cross connective tissue barriers and the nerve cell 
membrane to gain access to the site of action of local 
anesthetics. Alkalinization of local anesthetics speeds 

onset of blockade of nerve conduction in vitro (10). 
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Figure 6. Mean time to onset of paresis and paralysis in the hand 

(distal motor block) is plotted for the placebo and alkalinized 


groups. Error bars are standard error of the mean. Asterisks denote 
significant differences between the groups. 
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Figure 7. Mean plasma mepivacaine concentration after axillary 
block (as determined by gas chromatography) is plotted at the 
specified time points for the alkalinized and placebo groups. Error 
bars denote the standard error of the mean. 


Studies in epidural blockade have confirmed faster 
onset of sensory block with alkalinized agents in vivo 
(1-3). 

Previous studies with alkalinized agents in bra- 
chial plexus block have yielded conflicting results. 
Hilgier (4) found that alkalinization of bupivacaine 
with epinephrine from a pH of 3.9 to 6.4 decreased 
time to onset of analgesia to pinprick from an average 
of 24.3 min to 9.8 min in subclavian brachial plexus 
block. The distribution of the blockade that resulted 
was not stated. However, alkalinization of bupiv- 
acaine without epinephrine from a pH of 5.5 to 7.10 
in subclavian brachial plexus block failed to produce a 
difference in time to onset of sensory blockade as 
measured by awareness of pinprick (anesthesia), or 
in time to onset of motor blockade or time to peak 
motor blockade (5). Alkalinization of mepivacaine 
from a pH of 5.83 to 7.31 in subclavian block de- 
creased the time to onset of sensory analgesia in the 
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distribution of the musculocutaneous, median, ra- 
dial, and ulnar nerves to one-third to one-half of that 
of the plain solution, as well as speeded onset of 
motor blockade of the proximal portion of the arm (6). 
However, Berman et al. (7) reported that alkaliniza- 
tion of mepivacaine did not speed onset of axillary 
block as measured by a sensory and motor scoring 
system; the pH of the agents compared was not 
stated. 

We found that alkalinization had no significant 
effect on the development of analgesia but did hasten 
the onset of anesthesia in several of the terminal 
nerves. Alkalinization did not affect the frequency of 
successful blockade of any of the terminal nerves of 
the brachial plexus. 

There are several factors that may account for 
these contradictory results regarding the ability of 
alkalinization to speed onset of blockade. 


Degree of pH change. Study of alkalinized agents in 
epidural anesthesia has demonstrated that the degree 
of improvement in time to onset is directly related to 
the extent of difference in the pH of the solutions 
compared (2). A similar pH dependence was noted in 
a study of carbonated local anesthetics of varying pH 
(11). One would therefore expect to find a large 
decrease in time to onset of block with a large 
increase in pH (4), and less or no shortening of time 
to onset with a smaller change in pH (5). Although 
variation in magnitude of pH change is likely a major 
factor in explaining these inconsistent results, it is 
unlikely that this is the only operative factor. Our pH 
change for mepivacaine was comparable to that used 
by previous authors (6). That study demonstrated a 
profound decline in time to onset of analgesia, yet we 
noted a decrease of time to onset for anesthesia but 
not for analgesia. 


Epinephrine effect. Studies that have demonstrated 
an effect of alkalinization have generally utilized 
epinephrine, whereas studies with a negative result 
have not. However, it is unlikely that the presence of 
epinephrine is necessary for alkalinization to achieve 
its effect, as epinephrine was not required for de- 
creasing time to onset of blockade in vitro (10), and 
we noted an effect of alkalinization in the absence of 
epinephrine. 


B-Error. Neither of the studies that asserted a lack 
of effect with alkalinized anesthetics calculated their 
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probability of a beta (type II) error, which is the 
probability of concluding that a treatment has no 
effect when in reality it does. 

Increasing the amount of free base of local anes- 
thetic could also augment absorbtion of local anes- 
thetic into the systemic circulation in addition to 
enhancing neural blockade. As noted previously, it is 
the un-ionized free-base moiety that is best able to 
cross connective tissue barriers. Alkalinized anesthet- 
ics might therefore result in enhanced absorbtion and 
an increased frequency of systemic toxicity. We 
found that alkalinization resulted in a slight increase 
in venous mepivacaine concentration that did not 
achieve statistical significance. The time-course, con- 
centrations, and lack of difference with alkalinization 
are in agreement with previously published data (7). 

We conclude that alkalinized mepivacaine offers 
the advantage of quicker onset of more profound 
blockade in several terminal nerve distributions. Al- 
kalinization does not result in statistically signifi- 
cantly greater blood concentrations of mepivacaine. 
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Analgesic Effect of Capsaicin in Idiopathic 


Trigeminal Neuralgia 


Bruno M. Fusco, MD, and Massimo Alessandri, MD 
Institute of Internal Medicine and Therapeutics IV, Headache Center, University of Florence, Florence, Italy 


Twelve informed and consenting patients were stud- 
ied to determine the influence of capsaicin, the pun- 
gent compon of the red pepper, on trigeminal neu- 
ralgia of these patients had idiopathic trigeminal 
neuralgia. These patients were followed up for 1 yr 
after the topical application over the painful area of 
1.0 g of capsaicin three times a day for several days. Six 
patients had complete and four patients had partial 


tense paroxysmal pain, strictly confined to the 

area innervated by one or more branches of the 
trigeminal nerve. Capsaicin, the pungent component 
of the red pepper, selectively stimulates then blocks a 
subclass of primary sensory neurons with possible 
nociceptive functions (1-3). Considering this selective 
action, capsaicin has been proposed for the treatment 
of localized pain syndromes (4,5). Repeated applica- 
tions of capsaicin have been shown to reduce pain in 
patients affected by several pain syndromes (6-10). In 
the present open-label study, the effect of repeated 
topical applications of capsaicin was evaluated on 
patients during an active period of pain attacks due to 
idiopathic trigeminal neuralgia (ITN). All patients 
were followed up for 1 yr. During this period, four 
patients in whom capsaicin therapy was successful 
but who experienced a relapse of the neuralgia were 
treated by a further cycle of drug applications. 


[ese pe neuralgia is characterized by an in- 


Methods 


Twelve informed and consenting patients (5 men and 
7 women; mean age + SEM, 65.4 + 3.2 yr) suffering 
from ITN were included in the study. The approval of 
the Ethical Committee of our Institute was obtained 
in advance. The patients were selected from those 
who were in the active period of neuralgia, with daily 
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relief of pain; the remaining two patients had no relief 
of pain. Of the 10 patients who were responsive to 
therapy, four had relapses of pain in 95-149 days. There 
were no relapses following the second therapy for the 
remainder of the year. We conclude that the topical 
application of capsaicin is frequently successful in re- 
lieving the pain from trigeminal neuralgia. 

(Anesth Analg 1992;74:375-7) 


attacks over a long period of time. The duration of the 
illness varied from 2 to 10 yr, and the current episode 
was unremitting for 2 to 6 mo. Pain was localized 
along the maxillary branch in four patients and along 
the mandibular branch in three patients. Four pa- 
tients showed a combination of the maxillary and 
mandibular ITN; the remaining patient was affected 
in the ophthalmic and maxillary branch. All patients 
had previously undergone therapy with carbamaze- 
pine, which in three cases relieved pain but was 
stopped because of its adverse side effects. Adminis- 
tration of other pharmacologic agents (i.e., pheny- 
toin) was not effective in relieving pain. In each case, 
previous treatments were suspended at least 10 days 
before starting capsaicin treatment. None of the pa- 
tients had undergone surgical procedures for relief of 
ITN. 

The patients were instructed to apply (three times 
a day for several days) approximately 1 g of a cream 
containing capsaicin (0.05%) to the cutaneous area 
corresponding to the affected trigeminal branch. Trig- 
ger points, if they existed, were included within the 
area that received treatment. The patients were 
warned not to apply cream on the eyelid or on the 
periocular regions, being told that accidental contact 
with the conjunctiva or other ocular tissues would 
produce an intense irritation or worse—permanent 
damage in these structures. During capsaicin treat- 
ment, a follow-up visit was carried out every 3 days 
to assess (with a patient's self-evaluation) the inten- 
sity of the burning sensation evoked by capsaicin and 
the pain severity of ITN. One of the daily applications 
of capsaicin was performed during each follow-up 
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Table 1. Simultaneous Reduction of Both Capsaicin-Induced Burning Sensation and Severity of the Trigeminal 


Neuralgia During Capsaicin Treatment" 


Baseline 
Patient Pecan ae os ee 

No. BS PS BS PS BS PS BS 
1 4 9 3 8 3 8 2 

2 4 8 3 8 3 6 3 

3 4 10 4 9 2 7 2 
4 4 8 4 6 3 6 2 

5 4 9 3 9 3 7 2 

6 4 7 3 8 3 7 1 

7 4 9 4 8 3 6 2 

8 4 8 3 8 3 7 2 

9 4 8 4 9 3 7 2 
10 4 9 4 9 2 6 1 
11 4 10 3 9 3 7 2 
12 4 9 4 8 3 5 2 


BS, burning sensation; PS, pain severity. 


A DH Oe DD of OO om GD UT On 


Days of follow-up 


12th 15th 18th 21st 
BS PS BS PS BS PS BS PS 
1 4 1 3 1 3 1 3 
2 2 1 0 1 0 1 0 
1 0 1 0 0 0 0 0 
2 0 1 0 1 0 1 0 
1 9 1 8 1 8 0 8 
1 4 1 3 1 0 1 0 
2 3 1 4 0 4 1 4 
1 1 2 0 1 0 0 0 
2 9 1 8 1 8 0 8 
1 4 0 2 0 2 0 2 
1 3 1 3 1 1 1 0 
1 2 1 2 1 2 0 2 


“Burning sensation was scored using a numeric rating scale of 0 to 4. Pain severity was scored using a numeric verbal scale of 0 to 10. 


visit, and the burning sensation evoked at that time 
was used as a parameter for evaluation. The intensity 
of the burning sensation was scored using a numeric 
rating scale (0-4), assigning as a maximum value the 
burning sensation experienced at the first applica- 
tion. A decrease in burning sensation was considered 
as an index of desensitization to the drug; then when 
it was no longer experienced, treatment was termi- 
nated. Pain severity was rated on a scale of 0-10 (0 = 
no pain, 2 = very mild, 4 = mild, 6 = moderate, 8 = 
severe, 10 = very severe), which was based on an 
average of the frequency, duration, and intensity of 
the pain attacks experienced during the days between 
each follow-up session. A baseline measurement of 
the pain severity was done before beginning the 
treatments. A careful neurologic examination, which 
included sensory testing of the treated area, was 
carried out before and after the cycle of applications. 
After capsaicin treatment, all patients were seen at 
least on a monthly basis for 1 yr. 

The data have been analyzed by the following 
nonparametric statistical methods (11): Friedman’s 
test (for the variance of the burning sensation as well 
as pain severity); Wilcoxon’s signed rank test (for 
comparison of the pain severity score assessed during 
each session of observation with the score of the 
previous session's observation); Kendall's coefficient 
(for the correlation of the decrease of burning sensa- 
tion and pain severity during treatment) (11). 


Results 


Neurologic examination did not show alteration in 
the sensory function of the treated area either before 


or after capsaicin applications, except for two patients 
who showed a transitory hyperesthesia during the 
first 5 days after capsaicin treatment. Topical capsai- 
cin was applied until the acute burning sensation 
produced by the drug was no longer present (Table 
1). The application of capsaicin on the trigger point, 
where existing, did not evoke any different response. 

A significant variance of burning sensation and 
pain severity was found by comparing the values 
observed during the treatment with those of pretreat- 
ment measurement (P < 0.01, Friedman’s test). The 
reduction in the severity of the pathological pain had 
a statistical significance between the scores from the 
3rd to the 15th days of follow-up (6th vs 3rd and 9th 
vs 6th: P < 0.05; 12th vs 9th and 15th vs 12th: P < 
0.01; Wilcoxon’s signed rank test). The reduction of 
the pain severity was statistically related to the de- 
crease in burning sensation (Kendall’s coefficient of 
relation = 36.7, P < 0.01) (Table 1). 

Considering the single cases, six patients showed a 
decrease in, leading to the complete disappearance 
of, the pain attacks; four of them reported an im- 
provement from 60% to 80% in comparison with the 
initial condition. The remaining two patients showed 
no effect. 

During the year following the initial capsaicin 
treatment, six of the 10 patients sensitive to the 
therapy did not suffer from neuralgia again. The 
remaining four patients experienced a relapse of ITN 
after a variable period of time. In three of these 
patients, a second cycle of capsaicin applications was 
again fully effective in relieving pain. The second 
treatment followed the same procedure as the first 
one. The burning sensation evoked by the first appli- 
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Table 2. Effect of a Second Cycle of Capsaicin Applications in Patients With a Relapse of the Trigeminal Neuralgia” 


Patient Age 
No. Sex (yr) PSFT 
1 M 68 0 
2 M 63 0 
3 F 71 2 
4 M 66 3 


TWP DST 
(days) PSNE (days) PSST 
135 8 16 0 
149 10 15 8 
95 10 15 2 
110 10 18 0 


DST, duration of the second treatment (determined on the observations of the decrease and disappearance of the burning sensation evoked by capsaicin); 
PSFT, pain severity immediately at the end of the first treatment; PSNE, pain severity of the new episode detected at the beginning of the new cycle of 
applications; PSST, pain severity immediately at the end of the second treatment; TWP, time without pain after which a relapse occurred. 


“Pain severity was measured by means of a numeric verbal scale (0-10). 


cation of the second cycle of treatment was similar to 
that evoked by the first application of the previous 
cycle. After the second treatment, in the patients 
sensitive to the therapy, there was no ITN relapse 
until the end of the follow-up year (Table 2). 


Discussion 


Repeated topical applications of capsaicin on the 
cutaneous area corresponding to the trigeminal 
branches affected by ITN seem to be effective in 
relieving pain episodes. The possibility of a placebo 
effect cannot be excluded by the open-label procedure 
of the present pilot study. At present, a controlled 
procedure seems unfeasible because of the difficulty 
of finding a placebo capable of mimicking the acute 
local effects of capsaicin (burning sensation, redden- 
ing) as well as their progressive decrease during the 
following applications of the drug. Nevertheless, in 
most of the cases where neuralgia reoccurred, the 
repetition of the therapy again relieved the pain 
attacks. The evidence that the beneficial effect of 
capsaicin is repeatable supports the view that it could 
not be due to a spontaneous remission of the illness, 
or to some other nonspecific mechanisms, but is due 
precisely to a selective action of capsaicin. 
Assuming that capsaicin exerts a specific therapeu- 
tic effect on ITN, it is not clear if this effect is due toa 
counterirritation or to a reversible selective impair- 
ment of the cutaneous trigeminal afferents. However, 
present findings show that the progressive decrease 
in symptomatology has a similar time-course to the 
reduction of the acute burning effect produced locally 
by capsaicin. This suggests that the amelioration 


might be dependent upon a transitory impairment of 
certain trigeminal sensory neurons. In particular, the 
repeated exposures to capsaicin could deplete (or 
inhibit the transport toward central structures) the 
neuropeptides, such as substance P, neurokinin A, 
and calcitonin gene-related peptide, which are con- 
tained in the sensory neurons sensitive to capsaicin. 


We are grateful to Sherry Saehlenou for assistance in writing this 
paper. 
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Differential Relaxant Effect of High Concentrations of 
Intravenous Anesthetics on Endothelin-Constricted 
Proximal and Distal Canine Coronary Arteries 


M. Gerard Coughlan, MB, FFARCSI, Noel M. Flynn, MB, BSc, FFARCSI, Dermot Kenny, MRCPI, 
David C. Warltier, MD, PhD, and John P. Kampine, MD, PhD 
Department of Anesthesiology, Medical College of Wisconsin, Milwaukee, Wisconsin 


This study determined the direct effect of three intra- 
venous anesthetics on isolated canine coronary arter- 
ies constricted with the potent endogenous vasocon- 
strictor endothelin. Arteries were divided into groups 
of large (1.3-2.5 mm) and small (250-500 um) vessels, 
and arterial rings were suspended in tissue baths. 
The rings were stretched to an optimal resting ten- 
sion and then preconstricted with an EC., concentra- 
tion of endothelin that was equivalent for both 
groups. Incremental concentrations (5 x 107° M to 
1.6 x 1077 M) of thiopental, ketamine, and propofol 
were added to the baths, and the relaxant responses 
were recorded. Small arteries demonstrated greater 
vasodilation at equivalent drug concentrations than 


ypotension commonly follows induction of 

anesthesia with many though not all intrave- 

nously administered anesthetics. In healthy 
subjects and in patients with ischemic heart disease, 
intravenous anesthetics cause a decrease in arterial 
blood pressure with relative preservation of cardiac 
output (1,2). Several studies have demonstrated that 
intravenous anesthetics induce relaxation in various 
preconstricted vessels including coronary arteries 
(3,4), and different vascular beds vary in their capac- 
ity to dilate in response to these anesthetics (3,5). The 
relative effect of intravenous anesthetics on epicardial 
conduit and resistance vessels, however, remains 
unknown. 

Endothelin is a potent and efficacious vasoconstric- 
tor produced by vascular endothelial cells (6). Con- 
centrations of this substance are increased in human 
plasma during surgery (7). Furthermore, the interac- 
tion of endothelin and endothelium-derived relaxing 
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did large arteries. These results demonstrate antago- 
nism of the vasoconstrictor endothelin by intrave- 
nous anesthetics. Distal vessels are more sensitive 
than proximal vessels to the relaxant effects of the 
intravenous anesthetics studied. Direct effects on 
coronary vascular tone, however, are only apparent 
at concentrations above those seen clinically. Despite 
the potential for a differential effect on proximal and 
distal coronary arteries, we conclude that thiopental, 
ketamine, and propofol do not possess a direct effect 
on the tone of large or small canine coronary arteries 
at concentrations seen in routine clinical practice. 
(Anesth Analg 1992;74:378-83) 


factor with a newly described product of vascular 
smooth muscle in coronary autoregulation has re- 
cently been suggested (8,9). 

The morphology and function of proximal and 
distal coronary arteries differ. Studies in animals and 
in humans suggest that there are differences in the 
responses to vasoactive agents between proximal and 
distal coronary arteries (10,11). The influence of en- 
dothelin on large and small coronary arteries is also 
unknown. Although intravenous anesthetics relax 
cerebral vessels preconstricted with endothelin (12), 
the effect of these agents on coronary vessels exposed 
to endothelin has not been investigated. 

As intravenous anesthetics may alter systemic he- 
modynamics and may have direct effects on the 
coronary circulation, the effects of anesthetics in vivo 
represent a combination of multiple actions. In this 
study, isolated coronary arterial segments were used 
to avoid the confounding effects of intravenous anes- 
thetics on systemic hemodynamics; thus, the direct 
effects of these agents on coronary arteries were 
investigated. Thiopental and ketamine are two 
widely used intravenous anesthetics differing sub- 
stantially in their apparent effects on vascular tone. 
Propofol, a relatively new intravenous anesthetic, 
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causes a significant decrease in blood pressure. The 
vasorelaxant effects of these three anesthetics were 
determined in large and small canine coronary arter- 
ies preconstricted with endothelin. 


Methods 


Ail experimental procedures and protocols used in 
this investigation were approved by the Animal Care 
Committee of the Medical College of Wisconsin, 
conformed to the Guiding Principles in the Care and 
Use of Animals of the American Physiological Soci- 
ety, and were in accordance with the Guide for Care 
and Use of Laboratory Animals. Twenty-three adult 
mongrel dogs of either sex were killed after they were 
intravenously anesthetized with 25 mg/kg of pento- 
barbital sodium, and the hearts were removed. Seg- 
ments of the proximal left anterior descending coro- 
nary artery (large) and first- and second-order 
branches of the left anterior descending coronary 
artery (small) were identified, immediately dissected 
free, and placed in physiological saline solution of the 
following millimolar composition: NaCl 119, KCl 4.7, 
MgSO, 1.17, CaCl, 1.6, NaHCO, 27.8, NaH,PO, 
1.18, ethylenediaminetetraacetic acid 0.026, glucose 
5.5, and HEPES (4[2-hydroxyethyl]-1-piperazine 
ethanesulfonic acid). Using a dissecting microscope, 
the vessels were cleaned of surrounding fat and 
connective and other nonvascular tissue, with special 
care being taken to avoid injury to the luminal sur- 
face. The vessels were divided into rings 0.4-0.5 cm 
long. The rings were mounted on tungsten triangles, 
the lowermost of which was fixed whereas the other 
was attached to a force displacement transducer 
(Grass Force-Displacement Transducer FT03, Grass In- 
strument Company, Quincy, Mass.), and suspended in 
jacketed temperature-controlled (37°C) tissue baths 
containing physiological saline solution aerated with 
93.5% O, and 6.5% CO,. Half-hourly measurements 
were made of Pco, and Po,, and these gas tensions 
were kept constant at a pH of 7.38-7.42, a Pco, of 
35 mm Hg, and a Po, greater than 450 mm Hg. 
Vascular rings were divided into two groups con- 
sisting of small (diameter 250-500 um) and large 
(diameter 1300-2500 um) vessels. Optimal resting 
tension was determined in preliminary studies by 
gradually stretching rings and determining the re- 
sponse to KCI (40 mM) at each level of tension. Each 
ring was gradually stretched to the predetermined 
optimal resting tension and was allowed to equili- 
brate for at least 2 h. Tension was continuously 
recorded on a polygraph (Grass, model 7 poly- 
graph). The functional integrity of each ring was 
then assessed by measuring the contractile re- 
sponse evoked by increasing the bath K* concentra- 
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tion to 40 mM. KCl exposure was followed by a 
washout, and the process was repeated at 30-min 
intervals until a stable (i.e., a response differing by 
less than 15% from the previous) response was 
obtained. A minimum of two to three successive 
exposures to KCI was necessary to ensure a stable 
response. The functional integrity of the vascular 
endothelium was assessed by the response to the 
endothelium-dependent vasodilator acetylcholine. 
Each vessel was constricted with KCI, and the re- 
sponse to a single exposure of acetylcholine (10~° M) 
was determined. A relaxant response of less than 
40% of the KCl-induced contraction was regarded as 
unsatisfactory, and the ring was discarded. In 30: 
rings (five dogs), endothelin was added to the tissue 
baths in six increasing concentrations from 1071? M to 
1076 M, at which point a plateau effect was evident in 
the contractile response of both large and small vessels. 
The concentration required for 50% maximal contrac- 
tion (ECso) for large and small coronary arteries was 
then calculated. 

In separate experiments, large and small vessels 
were partially preconstricted with an EC., concentra- 
tion of endothelin and were exposed to incrementally 
increasing and equimolar concentrations of either 
thiopental, ketamine, or propofol (range, 5 x 1076 M 
to 1.6 x 107? M). Each vessel was exposed to only 
one randomly determined anesthetic. Eight coronary 
segments (four proximal, four distal) were studied 
simultaneously. Measurements were made of relax- 
ant responses after 1—2-min exposure to a given 
anesthetic concentration. At the end of each experi- 
ment, 1074 M papaverine was added to determine 
maximal relaxation. 

The following drugs were used: acetylcholine, pa- 
paverine, endothelin 1 (Sigma Chemical Co., St. 
Louis, Mo.); thiopental sodium (Abbott Laboratories, 
North Chicago, Ul.); ketamine chloride (Parke 
Davis, Morris Plains, N.J.); propofol (Stuart Phar- 
maceuticals, Wilmington, Del.). Intralipid 10% 
(KabiVitrum, U.K.) was used as the propofol vehicle. 
The endothelin was obtained in the lyophilized form, 
reconstituted, and divided into smaller aliquots be- 
fore being relyophilized and stored at —20°C. Fresh 
solutions of each drug were prepared on the day of 
each experiment. 

Data are expressed as mean + SEM. Relaxation 
produced by the anesthetic agents was expressed as a 
percentage of that produced by papaverine. Relaxant 
responses to the anesthetics were compared using a 
two-way analysis of variance for repeated measures, 
followed by the application of Duncan’s t-test if the F 
value was significant. A value of P < 0.05 was 
considered significant. 
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Results 


Only vessels demonstrating a consistent contractile 
response to 40 mM KCI and a satisfactory relaxation 
(of at least 40% of the preconstricted value) to 107° M 
acetylcholine were included in the study. A total of 
119 rings harvested from 23 dogs were used. Because 
of inadequate endothelial responses, 23 rings were 
discarded. Mean vessel diameters were 2100 + 31 and 
428 + 34 um for large and small arteries, respectively. 
Optimal resting tensions were 1500 and 750 mg for 
large and small arteries, respectively. 


Response to Endothelin 


The potency of endothelin in the two-vessel groups 
did not differ significantly. The EC.) for large (10 
vessels, 3 dogs) and small vessels (10 vessels, 3 dogs) 
was 3.05 + 0.32 x 107° and 3.35 + 0.35 x 107° M, 
respectively (P > 0.05). 


Response to Thiopental 


Thiopental significantly (P < 0.05) relaxed coronary 
vessels preconstricted with endothelin to 65% + 5.7% 
of the maximal response in large arteries (14 vessels, 
7 dogs) and 86% + 4.3% in small arteries (14 vessels, 
8 dogs; Figure 1A). Concentrations of thiopental 
higher than 1.7 x 107? M caused the pH in tissue 
baths to increase, but concentrations higher than this 
were not investigated. Small vessels dilated to a 
significantly greater degree than did large vessels 
(Figures 1A and 2). The increase in tension observed 
at low concentrations of thiopental was not signifi- 
cant. 


Response to Ketamine 


Ketamine totally relaxed large (12 vessels, 7 dogs) and 
small. (11 vessels, 6 dogs) coronary vessels precon- 
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Figure 1. Effect of increasing concentrations of (A) thiopental (14 large vessels, 7 dogs; 14 small vessels, 8 dogs), (B) ketamine (12 large 
vessels, 7 dogs; 11 small vessels, 6 dogs), and (C) propofol (12 large vessels, 7 dogs; 13 small vessels, 7 dogs) on tone of proximal and distal 
coronary vessels contracted with an EC, concentration of endothelin. Mean + sem data. ‘Significant (P < 0.05) difference between 
proximal and distal vessels. tSignificant (P < 0.05) increase in tension of proximal vessels. +Significant (P < 0.05) decrease in tension of 
proximal vessels. §Significant (P < 0.05) decrease in tension of distal vessels. 


stricted with endothelin at a concentration of 1.6 x 
107? M. At concentrations lower than this, small 
vessels dilated to a significantly greater degree than 
did large vessels (Figure 1B). Vasoconstriction ob- 
served at low concentrations of ketamine was not 


significant. 
Response to Propofol 


Propofol relaxed vessels preconstricted with endo- 
thelin to 19% + 6.3% of the maximal response in large 
vessels (12 vessels, 7 dogs) and 76% + 5.1% in small 
vessels (13 vessels, 7 dogs, Figure 1C). Small vessels 
relaxed to a significantly greater degree than large 
vessels. Large vessels demonstrated significant 
though slight vasoconstriction at lower concentra- 
tions of propofol. This response changed to dilation 
when the concentration of propofol was further in- 
creased. No response in either group of vessels was 
elicited by the propofol vehicle. 

In large vessels (Figure 3), significant differences in 
responses were evident between the three anesthet- 
ics. At the largest concentrations, thiopental had the 
most relaxant effect, propofol the least, and ketamine 
was intermediate in effect. 


Discussion 


Results of the present investigation confirm the vas- 
oconstrictor effect of endothelin on the isolated coro- 
nary vessel. The intravenous anesthetics—thiopen- 
tal, ketamine, and propofol—relax both large and 
small coronary arteries preconstricted with endothe- 
lin although only at concentrations higher than those 
observed clinically. Small coronary vessels dilated 
more than large vessels in response to all anesthetics. 
Propofol, a recently introduced intravenous anes- 
thetic, enhanced endothelin-induced vasoconstric- 
tion at low concentrations in large arteries. 

In this investigation, an isolated vascular ring 
preparation was used, which offered the advantages 
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Figure 2. Isometric tension recordings of the responses to thiopental of proximal (top) and distal siai coronary arteries preconstricted 
with endothelin. Thiopental attenuated the endothelin-induced contraction at high concentrations. The vasorelaxant effect is more 


pronounced in the distal artery. 
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Figure 3. Effect of thiopental (14 vessels, 7 dogs), ketamine (12 

vessels, 7 dogs), and propofol (12 vessels, 7 dogs) on canine 

proximal coronary vessels constricted with endothelin. Mean + 

SEM data. “Significant (P < 0.05) differences between all groups at 

a given concentration. 


of quantifying direct effects of drugs on vascular tone 
and of eliminating changes secondary to alterations 
in systemic hemodynamics, myocardial function, and 
the central nervous system. As regulation of coronary 
vascular tone has been shown to be differentially 
modulated in large and small arteries (10,11,13), both 
vessel sizes were selected for this study: Incubation 
of the arterial tissue for several hours in a frequently 
exchanged physiologic salt solution þefore the collec- 
tion of data minimized the possible effects of residual 
pentobarbital. 

Endothelin is a 21 aminopeptide released by endo- 
thelial cells (6). It is released in response to multiple 
stimuli including catecholamines, coagulation fac- 
tors, cytokines, and surgical trauma (6,7). Recently, a 
role of this substance in the regulation of local blood 
flow has been suggested (6): In the normal state, the 
relative balance of endothelin and endothelium- 
derived relaxing factor in a vascular segment may 


modulate flow. The actions of endothelin may be 
opposed by endothelium-derived relaxing factor and 
by a recently described product of vascular smooth 
muscle that inhibits endothelin release (9,14). In 
disease states, the effects of endothelin may predom- 
inate (14). Measurement of endothelin activity in 
disease states has implied a role in the pathogenesis 
of a variety of conditions such as unstable angina 
(15), myocardial infarction (16), and subarachnoid 
hemorrhage (17). Furthermore, aortic cross-clamping 
is associated with release of this peptide, and subvas- 
oconstrictor concentrations of endothelin potentiate 
the contractions to norepinephrine and serotonin in 
human arteries (18,19). The present results confirm 
those of Larkin et al. (20) who found that endothelin 
produced intense ischemia by direct vasoconstriction 
of coronary arteries in dogs, although the concentra- 
tions of endothelin used in the present study far 
exceed those reported in vivo (7,17). 
Thiobarbiturates constrict vascular smooth muscle 
(3). For example, Hatano et al. (5) demonstrated a 
vasoconstrictor response in mechanically stretched 
coronary vessels exposed to thiobarbiturates. The 
induction of a submaximal degree of vascular contrac- 
tion, as in the present study, may resemble more 
closely the in vivo situation. The present results 
substantiate Van Nueten’s (21) suggestion that pre- 
constriction may be necessary to unmask a potential 
vasodilator effect. In partially constricted cerebral and 
mesenteric vessels, a biphasic response to thiobarbi- 
turates occurs, with contraction evident at low con- 
centrations and relaxation developing as concentra- 
tions increase (22). Although there was a slight 
constriction in the large coronary artery, this was not 
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statistically significant. However, thiopental is not 
the most potent of the thiobarbiturates with respect 
to vasoconstriction (5). In contrast to large vessels, 
constriction did not occur in small coronary arteries 
exposed to thiopental. 

Ketamine has potent cardiovascular effects with 
changes in autonomic tone, blood pressure, and 
cardiac output. These are thought to be predomi- 
nantly reflex in origin (23). In the present investiga- 
tion, ketamine relaxed large and small coronary ar- 
teries. This was consistent with the findings of Stowe 
et al. (24) who demonstrated increased coronary flow 
with a decrease in oxygen extraction in the isolated 
perfused heart exposed to ketamine at concentrations 
lower than those found to relax coronary vessels in 
the present study. 

Propofol, a recently introduced intravenous anes- 
thetic, has been described to possess significant vaso- 
dilator properties that produced a decrease in arterial 
blood pressure during induction of anesthesia (25). 
There are few studies concerning the direct effects of 
propofol in isolated vessels. Dose-related vasodila- 
tion has been demonstrated to occur in potassium- 
constricted hepatic artery and portal vein (4). Ina 
study of quiescent porcine coronary vessels exposed 
to 1074 M propofol, slight relaxation was observed 
(26). In the present study, in which vessels were 
partially preconstricted, a modest vasoconstrictor ef- 
fect of propofol occurred at low concentrations 
whereas dilation occurred at higher concentrations. 

The relative resistance demonstrated by larger cor- 
onary vessels to the vasodilator effects of all three 
agents examined corresponds with a conductive 
function for these vessels. Smaller vessels determine 
resistance and flow in the coronary circulation. In an 
isolated heart preparation, intravenous anesthetics 
increase total coronary flow (24,27). This is consistent 
with the findings of the present investigation that 
demonstrate a significantly greater vasodilator effect 
in distal vessels. In a whole-animal model, pentobar- 
bital causes redistribution of coronary blood flow 
from subendocardium to subepicardium; however, 
this may be :due to associated tachycardia and to 
increased catecholamine concentrations (28). There is 
a considerable number of functional differences be- 


tween large and small coronary vessels including a — 


differential distribution of adrenergic receptors (10). 
Furthermore, vasoactive peptides such as vasopres- 
sin and serotonin exert differing or contrasting effects 
on vessels of different sizes (29). Serotonin, a known 
specific dilator of distal coronary arteries has little 
effect on vessels of the size used in this study (29). 
Smaller arteries may be influenced by metabolic fac- 
tors such as adenosine, which has a more potent 
effect in relaxing these vessels (13). The present 
results indicate that intravenous anesthetics can be 
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included among the substances that may exert a 
relatively specific effect on distal coronary vessels. 

In this study, all three anesthetics attenuated the 
endothelin-induced vasoconstriction in both vessel 
groups at higher concentrations. Clinically observed 
concentrations of thiopental (1-3 x 1074 M) (30), 
ketamine (1-6 x 107° M) (31), and propofol (1-3 x 
1077 M) (25) do not affect the tone in the epicardial 
coronary vessels used in this study. Direct effects on 
vessels distal to these remain to be investigated. 
Despite the potential for a differential effect on prox- 
imal and distal coronary arteries, however, we con- 
clude that the intravenous anesthetics (thiopental, 
ketamine, and propofol), do not possess a direct 
effect on the tone of large or small canine coronary 
arteries at concentrations seen in routine clinical 
practice. 


We thank Mimi Mick for assistance in the preparation of the 


manuscript. 
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Halothane Reduces Dysrhythmias and Improves Contractile 
Function After Global Hypoperfusion in Isolated Hearts 
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John P. Kampine, MD, PhD, and Zeljko J. Bosnjak, PhD 
Anesthesiology Research Laboratory, Departments of Anesthesiology and Physiology, The Medical College of 


Wisconsin, Milwaukee, Wisconsin 


We investigated the effects of halothane on changes 
in cardiac function during hypoperfusion and recov- 
ery of function after reperfusion in the isolated per- 
fused guinea pig heart. Heart rate, atrioventricular 
(AV) conduction time, the incidence and severity of 
dysrhythmias, and isovolumetric left ventricular sys- 
tolic ressure (LVSP) and its derivative were mea- 

a Hearts (n = 85) were divided into three groups 
for 30 min of perfusion at 0% (no flow), 10%, and 25% 
of the control perfusion pressure (PP, 55 mm Hg). 
These groups were subdivided and e to 0%, 
0.74% (0.23 + 0.01 mM), or 1.65% (0.51 + 0.01 mM) 
halothane 10 min before, during, and 10 min after 
hypoperfusion. Hypoperfusion was followed by 
40 min of reperfusion at control PP. Exposure to 
0.74% and 1.65% halothane before hypoperfusion 
produced a 9% and 13% decrease in heart rate, a 2% 
and 30% increase in AV conduction time, and a 25% 
and 51% decrease in LVSP and dLVP/dt max, respec- 
tively. During the 30 min of hypoperfusion, heart rate 
decreased and AV conduction time increased; sec- 
ond- and third-degree AV block occurred in all hearts 
in the 0% and 10% PP groups, but only in some 
hearts in the 25% PP groups. Left ventricular systolic 
pressure rapidly decreased during hypoperfusion in 
all groups. During early reperfusion ventricular fibril- 


oronary hypoperfusion and ischemia can oc- 
cur during the course of general anesthesia. 
Reperfusion after ischemia is associated with 
compromised cardiac function and a variety of dys- 
rhythmias. Although the mechanisms underlying 
myocardial injury under these conditions are multi- 
factorial and not well understood, excess calcium ion 
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lation and ventricular tachycardia occurred in the 0% 
and 10% PP groups but not in the 25% PP groups. 
During reperfusion 0.74% and 1.65% halothane 
greatly reduced the duration of ventricular fibrillation 
from 8.1 + 3.3 min to 1.5 + 0.8 and 1.9 + 1.2 min in 
the 0% and 10% PP groups, respectively. A concen- 
tration of 0.74% halothane increased the incidence of 
supraventricular tachycardia on reperfusion in the 
10% group (from a control of 20% to 65%), and 1.65% 
halothane increased the duration (2.6 + 2.5 min) and 
incidence (38%) of supraventricular tachycardia on 
reperfusion in the 0% PP group. A concentration of 
1.65% halothane facilitated recovery of LVSP after 
hypoperfusion in the 25% group but not in the 0% 
and 10% PP groups. These results indicate that 
halothane, in some instances, can have protective 
cardiac effects after graded hypoperfusion as as- 
sessed by improved contractility and by reduced 
severity of some dysrhythmias during reperfusion; 
however halothane may also increase the incidence of 
supraventricular tachycardia. The cardiac protection 
by halothane could be a result of reduced cardiac 
work before, during, and after hypoperfusion, or of 
some other direct protective cellular effects. 

(Anesth Analg 1992;74:384-94) 


influx and its intracellular accumulation appear to be 
important events leading to a decline of contractile 
function and the development of dysrhythmias. In- 
tracellular calcium may increase because of an in- 
crease in sarcolemmal permeability to calcium (1), 
enhanced release of calcium stored intracellularly, 
decreased capacity of sarcoplasmic reticulum for cal- 
cium binding (2), and impaired sodium/calcium ex- 
change (3). Phenomena associated with reperfusion 
injury of the previously ischemic myocardium are the 
calcium paradox (4) and the oxygen paradox (5). It 
has been suggested that free radicals and calcium are 
simultaneously acting and provoking reperfusion 
dysrhythmias. In the calcium paradox, mitochondrial 
damage results from calcium overload, whereas in 
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the oxygen paradox, mitochondrial damage is prob- 
ably initially mediated by free radicals and then 
followed by calcium overload (6,7). Rapid reperfusion 
increases the rate of development of reperfusion 
dysrhythmias (8) and also decreases the recovery of 
mechanical function (9). 

Volatile anesthetics, like calcium entry blockers 
and B-adrenergic blockers, depress myocardial func- 
tion, but are not known to block specific receptors 
altering automaticity, conduction, or contractility of 
the heart. Calcium entry blockers and B-blockers 
have potential to protect against ischemia and reper- 
fusion-induced cell injury (10). Because of its potent 
negative inotropic effects, the volatile anesthetic 
halothane has been used to limit myocardial oxygen 
demand and thereby to reduce the occurrence of 
ischemic episodes in patients undergoing myocardial 
revascularization (11). Halothane has been shown to 
decrease both slow (Ca**) (12,13) and fast (Na*) ionic 
channel fluxes (14) as well as to reduce the transient 
rise of myoplasmic calcium during contraction (15). In 
addition, under abnormal conditions, halothane de- 
presses calcium accumulation after ischemia or cal- 
cium paradox (16,17). Halothane has also been 
shown to decrease the incidence of dysrhythmias 
after ischemia and reperfusion in the dog (18) and rat 
(19), to reduce dysrhythmias after hypoxia in the 
guinea pig (20), to improve recovery of contractile 
function of “stunned” myocardium (21), and to re- 
duce myocardial infarct size in the dog (22). 

Although a significant volume of knowledge has 
accumulated regarding protective effects of halothane 
during ischemia and reperfusion, little is known 
about the dependency of these effects on the anes- 
thetic concentration or on the degree of global coro- 
nary flow reduction. This study was designed to 
investigate dose dependency and perfusion pressure 
dependency of changes in cardiac rhythm and con- 
tractile function caused by global cardiac hypoperfu- 
sion and reperfusion with and without administra- 
tion of halothane. To investigate only direct cardiac 
effects, an isolated heart preparation was used. 


Methods 


The isolated Langendorff heart preparation was se- 
lected for study so that extrinsic mechanical, hu- 
moral, and autonomic nervous system influences 
could be avoided. With Institutional Animal Care 
Committee approval, 85 albino English short-haired 
guinea pigs (350-450 g) were injected intraperitone- 
ally with 10 mg of ketamine and 1000 U of heparin 
and were decapitated when unresponsive to noxious 
stimulation. After thoracotomy, the inferior and su- 
perior vena cavae were cut and the aorta was cannu- 
lated distal to the aortic valve. The heart was imme- 
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diately perfused in a retrograde manner through the 
aorta and was excised. The perfusate, a modified 
Krebs-Ringer solution, had the following composi- 
tion (in mM): Na*, 137; K*, 4.5; Mg**, 1.2; Ca**, 2.5; 
Cl”, 134; HCO, , 15.5; H PO; , 1.2; glucose, 11.5; 
pyruvate, 2; mannitol, 16; ethylene-diaminetetraace- 
tic acid, 0.05; and insulin, 5 U/L. The solution was 
equilibrated with a 97% O.-3% CO, gas mixture at a 
flow rate of 3 L/min. At oxygen tensions above 
400 mm Hg, myocardial high-energy phosphate lev- 
els are well maintained in isolated hearts perfused 
with crystalloid solution (23). Global hypoperfusion 
was induced by switching to different levels of per- 
fusion pressure (PP): 0%, 10%, or 25% of control 
perfusion pressure (55 mm Hg). Perfusion pressure 
was maintained at 55 mm Hg during control periods 
by a 75-cm-high fluid column with an overflow pump 
(Masterflex 7520, Cole-Palmer, Chicago, Ill.), and was 
measured at the aortic root with a pressure trans- 
ducer. 

Solution pH, Pco, and Po, were determined with 
a blood-gas analyzer (Radiometer ABL-2, Medtron, 
Des Plaines, Chicago, Ill.). Each heart was perfused 
with filtered (5 um) nonrecirculating solution and 
was submerged in a bath of perfusate solution. The 
perfusate and bath temperature were maintained at 
36.4 + 0.1°C using a thermostatically controlled water 
circulating system. Coronary flow was measured 
with an electromagnetic flowmeter (model BL610-2A, 
Biotronex Laboratories, Kensington, Md.). Systolic 
left ventricular pressure (LVSP) was measured isovol- 
umetrically with a transducer connected to a thin, 
saline-filled latex balloon inserted into the left ventri- 
cle through the mitral valve from a cut in the left 
atrium. Positive and negative dLVP/dt,,,, were mea- 
sured from the derivative of LVSP obtained electron- 
ically. Two pairs of bipolar electrodes (Teflon-coated 
silver, diameter 125 um, Cooner Wire Company, 
Chatsworth, Calif.) were placed in each heart to 
monitor intracardiac electrograms from which spon- 
taneous heart rate (HR) and atrioventricular conduc- 
tion time (AVCT) were measured as reported previ- 
ously (24). The two electrode signals were amplified 
100-1000-fold, filtered at frequencies below 100 Hz 
and above 5 kHz, and displayed continuously on a 
polygraph (model MT 9500R, Astro-Med, West War- 
wick, R.L) and on an image storing oscilloscope 
(model 5A26, 5113, Tektronix, Beaverton, Ore.). Si- 
nus cycle length was measured and HR was calcu- 
lated from the right atrial beat-to-beat interval; AVCT 
was determined from the superior right atrial signal 
to the right ventricular pulmonary conus signal. 
Atrial and ventricular electrograms were audibly am- 
plified. Electrograms, LVSP and PP were recorded on 
tape intermittently (Vetter D1, Vetter Co., Rebers- 
burg, Pa.) for later playback. Electrogram intervals 
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were measured automatically on-line by digital timer 
systems that allowed instantaneous beat-to-beat in- 
terval and rate analyses. Atrioventricular dissociation 
(AV block) was defined by asynchrony in atrial and 
ventricular electrogram activity. Atrioventricular 
block was defined as AV dissociation with a ventric- 
ular rate slower than the atrial rate. Ventricular 
tachycardia was defined by the presence of uniform 
or multiform ventricular waveforms with AV block 
and a faster ventricular than atrial rate. Ventricular 
fibrillation was defined by the presence of erratic 
activity in the ventricular electrogram and by the 
absence of pressure generation by the left ventricle. 
Supraventricular tachycardia was defined by the 
presence of one-to-one AV conduction, uniform atrial 
waveforms, and an atrial rate faster than 300 beats/ 
min. 

Halothane was administered by switching to perfus- 
ate equilibrated with halothane via a vaporizer (Ohio 
Medical Products, Madison, Wis.) set to deliver 0.75% 
and 1.5% halothane. Delivered halothane fractions 
were periodically checked for accuracy by mass spec- 
trometry (Medical Gas Analyzer 1100A, Perkin-Elmer, 
Norwalk, Conn.). Perfusate (1 mL) was collected at an 
aortic inflow port into sealed, 2-mL vials before and 
after hypoperfusion for a head-space analysis of anes- 
thetic concentrations by gas chromatography as de- 
scribed previously (20). Mean halothane concentra- 
tions, which were 0.23 + 0.01 and 0.51 + 0.01 mM, 
were calculated to correspond to 0.74% and 1.65% 
halothane, respectively. This is based on the equiva- 
lancy of a partial pressure of 1 vol% halothane to a 
concentration of 0.31 mM in Krebs-Ringer solution. at 
37°C at a pressure of 1 atm. There were no differences 
between halothane concentrations measured before, 
during, and after hypoperfusion. 

Initial control measurements were recorded after a 
30-min period of stabilization. All 85 hearts had an 
LVSP higher than 70 mm Hg during the initial control 
period and.no more than two single premature atrial 
or ventricular beats per minute. Each heart was 
exposed to only one level of perfusion and to one 
halothane concentration or its control. There were a 
total of nine groups: three groups at each level of 
hypoperfusion (0% [no perfusion—global ischemia], 
10% [90% pressure reduction to 5.5 mm Hg], and 25% 
[75% pressure reduction to 14 mm Hg]), and within 
each of these three groups, three subgroups (control 
[0%], 0.74%, and 1.65% halothane). After a 10-min 
exposure to 0% (n = 29), 0.74% (n = 24), or 1.65% 
halothane (n = 24), each heart was perfused for 
30 min either at 0%, 10%, or 25% of control PP 
(55 mm Hg) and then again reperfused for 40 min at 
the control PP. Therefore, each group consisted of 
8-10 hearts. For the halothane groups, halothane was 
delivered 10 min before hypoperfusion, during hy- 
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poperfusion, and for the first 10 min of reperfusion. 
During 0% perfusion no halothane was delivered to 
the heart. 

Lidocaine (0.5 mL of a 0.1% solution) was injected 
into the aortic cannula in all hearts 30 min after 
reperfusion to assess conversion of existing ventricu- 
lar dysrhythmias and recovery of LVSP. Experiments 
were terminated 10 min after administration of 
lidocaine. Measurements were made during the last 
minute of the initial stabilization period, after a 
10-min perfusion at the control PP (with or without 
halothane), just before initiating hypoperfusion, at 
10, 20, and 30 min of hypoperfusion, and at 10, 20, 
30, and 40 min of reperfusion at the control PP. 
Variables recorded at the end of each time period 
were spontaneous HR, AVCT, LVSP, positive and 
negative dLVP/dt,,,,, and halothane concentration. 
The type, incidence, and duration of atrial and ven- 
tricular dysrhythmias were monitored continuously. 
Both the dose of halothane and the levels of hypo- 
perfusion were randomized. An additional group of 
control hearts (n = 8) was followed over the same 
time period without any experimental procedure. 

Statistical differences among the control and the 
0.74% and 1.65% halothane groups at each level of 
hypoperfusion were determined by two-way analysis 
of variance (Statview, Abacus Concepts, Calabasas, 
Calif., and CLR ANOVA, Clear Lake Research, 
Houston, Tex., software programs; MacIntosh SE30 
computer, Apple Computer, Cupertino, Calif.). Dif- 
ferences among the 0%, 10%, and 25% hypoperfu- 
sion groups at each level of halothane and the respec- 
tive control were also determined by two-way 
analysis of variance. Fisher’s least significant differ- 
ence test was used to compare means. The incidence 
of dysrhythmias was evaluated by y*-tests and their 
duration by unpaired t-tests. Mean values were con- 
sidered significantly different at P < 0.05. All data are 
expressed as mean + standard error of means (SEM). 


Results 
Coronary Flow 


Coronary flow (control 5.6 + 0.4 mL-min™!-g~1) de- 
creased during hypoperfusion to 37%, 22%, and 0% at 
25%, 10%, and 0% of the control PP (655 mm Hg), 
respectively, and was not affected by halothane. 


Heart Rate and Atrioventricular Conduction Time 


Initial control HR and AVCT were not different among 
the three ion groups. At the control PP, i.e., 
before hypoperfusion, 0.74% and 1.65% halothane sig- 
nificantly decreased HR (control 215 + 5 beats/min) by 
9% and 12%, respectively. Halothane (0.74% and 
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Table 1. Effects of Halothane on Heart Rate and Atrioventricular Conduction Time Before, During, and 


After Hypoperfusion 
Halothane 
PP (%) (%) Control 
Heart rate (beats/min) 
0 0 222 + 4 
0.74 225 +7 
1.65 211 + 6 
10 0 207 + 5 
0.74 208 + 8 
1.65 203 + 3 
25 0 219 + 6 
0.74 221 + 6 
1.65 213 + 6 
AV conduction time (ms) 
0 0 59.4 +2 
0.74 58.8 + 1 
1.65 61.0 + 3 
10 0 59.7 +2 
0.74 59.0 +2 
1.65 60.6 + 3 
25 0 58.3 +1 
0.74 58.0 + 3 
1.65 57.9 +2 


PP, perfusion pressure expressed as 
HP, values after 

All data are mean + SEM. 

“P < 0.05 versus 0% halothane at each perfusion pressure. 


tage from control 


1.65%) increased AVCT (control 59.2 + 2.1 ms) by 2% 
(nonsignificant) and by 29.5%, respectively (Table 1). 

On initiating hypoperfusion, atrial and ventricular 
bradycardia occurred and AVCT increased sharply in 
all nine groups. Second- and third-degree AV block 
followed in all hearts of the 0% and 10% hypoperfu- 
sion groups, and HR continued to decrease through- 
out the 30-min period of hypoperfusion so that atrial 
arrest and ventricular asystole occurred in the major- 
ity of the hearts in the 0% and 10% hypoperfusion 
groups. Because no heart remained in sinus rhythm 
in the 0% and 10% hypoperfusion groups after 30 min 
of hypoperfusion, AVCT could not be compared. In 
the 25% hypoperfusion group, HR progressively de- 
creased and AVCT increased, but second-degree AV 
block occurred only in a few hearts. 

On initiating reperfusion at the control pressure, 
HR was higher in the control group than in the 
halothane groups over the first 10 min of reperfusion. 
After 40 min of reperfusion there were no significant 
differences in HR and AVCT among the nine groups 
and no differences in HR and AV conduction from 
the initial controls. Administration of lidocaine to 
nonfibrillating hearts produced small and transient 
decreases in HR and LVSP and a small increase in 


Halothane 
Before HP 30 min HP 10 min RP 40 min RP 
222 +4 41l £5 221 + 4 216 + 6 
203 + 6" 53 + 16 199 + & 212 + 6 
186 + 6° 37 +9 193 + 6f 203 + 6 
207 + 5 54 +7 206 + 4 206 + 6 
190 + 9" 86 + 14 188 + ¥ 194 +3 
188 + 4° 64+8 176 + 5 194 +3 
219 +6 186 +7 218 +7 223 +9 
195 + 5" 186 +9 202 + 4" 223 +4 
188 + 5° 180 +9 188 + 6° 215 +6 
59.4 +2 AVB 63.3 +4 63.1 +2 
60.5 + 1 AVB 65.7 +2 60.6 +2 
74.0 + 4% AVB 82.0 + 54 65.0 + 2 
59.7+2 AVB 63.8 +2 61.3 +2 
60.6+3 AVB 65.3 + 4 58.743 
82.1 + 2* AVB 92.1 + 4" 58.0 + 3 
58.3 +1 T7927 59.4 +2 61.1+3 
59.6 +3 79.5 +6 614+ 4 60.9+4 
73.9 + 4 73.9 +4 74.9 + 4" 59.8 +2 


percen perfusion pressure; control, values before exposure to 0%, 0.74%, or 1.65% halothane; before 
exposure to 0%, 0.74%, or 1.65% halothane for 10 min and before the onset of hypoperfusion; RP, reperfusion; AVB, atrioventricular block. 


AVCT; all these variables returned to their pre- 
lidocaine levels within 5 min. 


Cardiac Rhythm 


The major dysrhythmias during the 40-min period of 
reperfusion at the control pressure were ventricular 
tachycardia, ventricular fibrillation, and supraventric- 
ular tachycardia. Ventricular tachycardia occurred in 
80% of hearts in the 0% PP and no halothane group, 
whereas 1.65% halothane significantly decreased the 
incidence of ventricular tachycardia to 37.5% in the 
0% PP group (Figure 1). Halothane (1.65%) greatly 
decreased the duration of ventricular tachycardia 
from a control of 7.2 + 3.3 min to 0.2 + 0.1 min 
after PP at 0%, whereas 0.74% halothane did not 
significantly reduce the duration of ventricular 
tachycardia as compared with the no-halothane 
group. In the 10% PP group halothane did not 
significantly alter either the incidence or the duration 
of ventricular tachycardia. Ventricular tachycardia 
did not occur in any heart with reperfusion in the 
25%. PP groups. 

Upon reperfusion after 0% PP, ventricular. fibrilla- 
tion occurred in all hearts in the control group. The 
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Figure 1. The effect of halothane on incidence (top) and average 
duration (bottom) of ventricular tachycardia (VT) during a 30-min 
period of reperfusion after 0%, 10%, and 25% PP. *P < 0.05 vs 
control group. tP < 0.05 vs 0.74% halothane group (HAL). 


incidence of ventricular fibrillation was not reduced 
in the halothane-treated group (Figure 2). However, 
the duration of ventricular fibrillation after 0% PP was 
significantly decreased from a control of 8.1 + 3.3 min 
to 1.5 + 0.8 min by 0.74% halothane and to 1.9 + 
1.2 min by 1.65% halothane. On reperfusion in the 
10%. PP groups, ventricular fibrillation occurred in 
10% of control hearts and in 22% of hearts treated 
with 1.65% halothane. Halothane did not change 


either the incidence or the duration of ventricular | 


fibrillation with reperfusion in the 10% PP group. 
Ventricular fibrillation did not occur at all with reper- 
fusion in the 25% PP groups. The majority of the 
dysrhythmic hearts converted spontaneously either 
to sinus rhythm or to a less serious dysrhythmia. 


Lidocaine, given 30 min after reperfusion, converted’ 


all but three dysrhythmic hearts to sinus rhythm. 
Supraventricular tachycardia occurred in the 
reperfusion period predominantly in halothane- 
treated hearts (Figure 3). Upon reperfusion after 0% 
PP,.1.65% halothane produced a significant incidence 
(37.5%) and duration (2.6 + 2.5 min) of supraventric- 
ular tachycardia. On reperfusion after 10% PP, 0.74% 
halothane significantly increased the incidence of 
supraventricular tachycardia to 65% from the control 
value of 20%. However, 1.65% halothane did not 
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Figure 2. The effect of halothane on incidence (top) and average 
duration (bottom) of ventricular fibrillation (VF) during a 30-min 
period of reperfusion after 0%, 10%, and 25% PP. *P < 0.05 vs 
control group. tP < 0.05 vs 0.74% halothane group (HAL). 


‘alter the incidence of supraventricular tachycardia 


after hypoperfusion at 10% PP. The average duration 
of supraventricular tachycardia during the same time 
period was not significantly altered by halothane. In 
the 25% PP groups, the small incidence and duration 
of supraventricular tachycardia with reperfusion was 
not significantly different in the halothane-treated 
groups compared with their control groups. 


Left Ventricular Pressure: Positive and Negative 
Pressure Derivatives 


The mean left ventricular systolic pressures for the 
nine groups ranged from 96 + 7 to 112 + 6 with a 
mean of 103.6 + 5 mm Hg (n = 85). There were no 
differences among the three halothane-free groups 
(mean 96 + 7 mm Hg), the three 0.74% halothane 
groups (mean 102 + 6 mm Hg), and the three 1.65% 
halothane groups (mean 112 + 6 mm Hg). Before 
hypoperfusion and early in reperfusion there was a 
significant and dose-dependent decrease in LVSP 
while halothane was present. 

With the onset of hypoperfusion, LVSP decreased 
in all groups; at PPs of 0% and 10%, contractions 
almost ceased and there was no difference in LVSP 
between halothane-free and halothane-treated 
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Figure 3. The effect of halothane on incidence (top) and average 
duration (bottom) of supraventricular tachycardia (SVT) during a 
30-min period of reperfusion after 0%, 10%, and 25% PP. *P < 0.05 
vs control group. tP < 0.05 vs 0.74% halothane group (HAL). 


hearts. A smaller decrease in LVSP was observed 
during the 25% PP period, and this decrease was 
significantly greater in the 1.65% halothane-treated 
group than in the halothane-free group. 

On reperfusion at the control perfusion pressure, 
LVSP increased in all groups. During the first minute 
of reperfusion, i.e., after 0% PP in the 1.65% 
halothane group, LVSP nearly reached the initial 
mean control value; in the halothane-free group, 
LVSP increased to about 75% of control. On reperfu- 
sion in the halothane-free groups, LVSP was higher 
in the 10% PP group than in the 0% PP group (P < 
0.05), and higher in the 25% PP group than in the 
10% PP group (P < 0.05) at 10, 20, 30, and 40 min 
after reperfusion. At 10 min of reperfusion, LVSP was 
significantly reduced by 1.65% halothane in the 0% 
PP group, but there was no significant difference in 
recovery of LVSP at the 40-min period of reperfusion 
among the halothane-free and halothane groups. The 
changes in LVSP at 20, 30, and 40 min of reperfusion 
after hypoperfusion at 0% or 10% PP were not signif- 
icantly different from those observed in the halothane 
group (Figures 4 and 5 top). In none of the treatment 
groups was LVSP restored to the initial control value 
upon reperfusion. After 30 and 40 min of reperfusion 
following hypoperfusion at 25%, however, LVSP was 
significantly higher in the group treated with 1.65% 
halothane (Figure 6 top); in this group LVSP returned 
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Figure 4. Percentage changes in systolic left ventricular pressure 
(LVSP) (top), positive dLVP/dt,,,, (middle), and negative dLVP/ 
dt... (bottom) before, during, and after global hypoperfusion (HP) 
(0% PP), in the absence (control) and presence of 0.74% and 1.65% 
halothane (HAL). Additional measurements of LVSP and dLVP/ 
dtmax were taken at the end of the first minute of reperfusion. *P < 
0.05 vs control group. tP < 0.05 vs 0.74% halothane group. 


to 90% of control. In the time control group (n = 8) 
not subjected to hypoperfusion nor treated with 
halothane, LVSP decreased less than 7% from 99 + 6 
to 92.5 + 9 mm Hg over the same time period (data 
not shown). This indicates that 1.65% facilitated 
recovery to a level no different than the time control. 

Changes in positive and negative dLVP/dt,,,, 
closely paralleled changes in LVSP in all groups as 
shown in Figures 4-6. An exception was that at 1 min 
of reperfusion in the halothane-free 0% PP group, the 
percent decreases in positive and negative dLVP/ 
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Figure 5. Percentage changes in systolic left ventricular pressure 
(LVSP) (top), positive dLVP/dt,,,, (middle), and negative dLVP/ 
dtnax (bottom) before, during, and after hypoperfusion (HP) at 10% 
PP, in the absence (control) and presence of 0.74% and 1.65% 
halothane (HAL). Additional measurements of LVSP and dLVP/ 
dtmax were taken at the end of the first minute of reperfusion. *P < 
0.05 vs control group. tP < 0.05 vs 0.74% halothane group. 


dtmax Were much greater than the corresponding 
decrease in LVSP. 

Neither exposure to halothane nor hypoperfusion 
significantly altered left ventricular diastolic pressure 
(data not shown), which was initially set to 0 mm Hg 
by adjusting balloon volume. In the early reperfusion 
period, diastolic pressure increased only in the 0% PP 
groups. The average increase was 3 + 1 mm Hg in the 
halothane-free groups and 7 + 2 and 5 + 2mm Hg in 
the 0.74% and 1.65% halothane groups, respectively, 
after 10 min of reperfusion. However, this increase 
was only temporary, and diastolic pressure returned 
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Figure 6. Percentage changes in systolic left ventricular pressure 
(LVSP) (fop), positive dLVP/dt,,,, (middle), and negative dLVP/ 
dtmax (bottom) before, during, and after hypoperfusion at 25% PP, 
in the absence (control) and presence of 0.74% and 1.65% 
halothane (HAL). Additional measurements of LVSP and dLVP/ 
dtmax Were taken at the end of the first minute of reperfusion. *P < 
0.05 vs control group. tP < 0.05 vs 0.74% halothane group. 


to the control level (0 mm Hg) in all groups by 30 min 
of reperfusion. 


Discussion 


We have examined the effects of halothane on cardiac 
injury resulting from global hypoperfusion and 
reperfusion. Injury was assessed by changes in 
rhythm and conduction, by depression of isovolu- 
metric LVSP and its peak derivatives, and by the 
type, incidence, and duration of dysrhythmias. Our 
results indicate that halothane given before, during, 
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and after a 30-min period of global hypoperfusion 
facilitates full recovery of contractile function after 
hypoperfusion at 25% perfusion pressure and greatly 
decreases the incidence and/or duration of ventricular 
tachycardia and fibrillation occurring during reperfu- 
sion after hypoperfusion at 0% and 10% PP. How- 
ever, the presence of halothane induced supraven- 
tricular tachycardia in some groups. 

In human or experimental coronary occlusion, a 
nonhomogeneous pattern of ischemia occurs so that a 
heterogeneous periinfarction zone exists wherein 
ischemia is less severe than in the central infarct. Our 
purpose was to assess the effects of halothane and the 
severity of the ischemic (gradual hypoperfusion) state 
on the resulting functional abnormalities. We used a 
model of short-term global hypoperfusion in which 
coronary PP can be precisely controlled at three levels 
below the control level. In our model of hypoperfu- 
sion, the three different levels of PP in the halothane- 
free groups differentially limited restoration of car- 
diac function. It seems probable that the more severe 
the hypoperfusion, the more severe is the reperfu- 
sion injury, as shown by the incidence and duration 
of reperfusion dysrhythmias and by improvement of 
contractile function. 

The mechanisms of mechanical dysfunction and 
occurrence of dysrhythmias resulting from inade- 
quate oxygen and substrate supply, from accumula- 
tion of metabolites during hypoperfusion, and from 
consequent reperfusion are still unclear. During 
ischemia there is a rapid decline in creatine phos- 
phate and adenosine triphosphate, and a marked 
increase in inorganic phosphate, as the myocardium 
shifts from aerobic to anaerobic metabolism (25). 
Substantial increases in cytosolic-free sodium and 
calcium concentrations occur (26). When the ischemic 
heart is reperfused, there is massive entry of calcium 
into cells (27,28) with mitochondrial accumulation of 
calcium into dense intramitochondrial granules of 
calcium phosphate. The uptake of calcium is a feature 
of irreversible cellular injury and occurs during reper- 
fusion (29). Deleterious changes may also include 
oxygen-free radical production, modification of mem- 
brane ionic currents, and inhibition of Na*/Ca** 
exchange (30), calcium transporting ability (31), and 
Na*/K* exchange (32), all of which can be expected 
to increase the susceptibility of the myocardium to 
electrophysiologic perturbations which in turn may 
promote the genesis of dysrhythmias. 

It has been suggested that free radicals formed 
during ischemia or reperfusion produce deleterious 
effects by (a) peroxidizing cell membrane lipids, thus 
altering the structural integrity of the membrane, (b) 
peroxidizing the lipids involved in maintaining the 
microenvironment of membrane proteins, and/or (c) 
reacting both with proteins and with membrane 
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lipids separately or concurrently (33). Oxidative 
stress occurs during reperfusion and depends on the 
severity of the ischemic period: the greater the degree 
of myocardial hypoperfusion, the greater is the rate 
of formation of free radicals on reperfusion (34). 

Volatile anesthetics are potent negative chronotro- 
pic (35), dromotropic, and inotropic agents (36). In- 
creasing evidence suggests that volatile anesthetics 
produce negative inotropic effects through mecha- 
nisms affecting many steps in the excitation- 
contraction process. Studies from our laboratory 
demonstrate that halothane decreases contractility of 
papillary muscle and decreases myoplasmic calcium 
concentration as measured by beat-to-beat changes in 
bioluminescence of aequorin, an indicator of free 
intracellular calcium (15). Using a single ventricular 
cell clamping technique, we also have shown that the 
decrease in intracellular free calcium with exposure to 
halothane is, at least in part, due to a decrease in 
calcium flux through voltage-dependent calcium 
channels (13). Moreover, halothane has been shown 
to reduce the accumulation of calcium after regional 
myocardial ischemia and after temporary depletion of 
calcium from the perfusate (calcium paradox) and to 
improve contractile function with reperfusion in iso- 
lated guinea pig hearts (16,17). We demonstrated 
recently that halothane improves myocardial function 
after global hypoxia and reoxygenation (19). All these 
studies suggest that halothane has at least one effect 
similar to that of calcium channel blockers, i.e., 
attenuation of the slow calcium current through volt- 
age-dependent calcium channels. The calcium chan- 
nel antagonists have been shown to protect against 
ischemia (37,38). Thus the effects of ischemia and 
reperfusion on calcium ion homeostasis play an im- 
portant role in the cascade of events associated with 
irreversible myocardial injury. 

The extent of cellular calcium overload is one of the 
major factors that determines the degree of dysfunc- 
tion during reperfusion (39). The beneficial effects of 
reducing calcium in the coronary perfusate during 
early reperfusion may be attributed to reduced cal- 
cium overload through Na*/Ca** exchange rather 
than to improved energy metabolism (39). Extracel- 
lular calcium concentration can influence vulnerabil- 
ity to reperfusion-induced arrhythmias because pro- 
tection has been afforded by reducing calcium 
accumulation during ischemia and reperfusion (40). 
Halothane has been demonstrated to produce signif- 
icant antifibrillatory activity in a canine acute coro- 
nary artery occlusion/reperfusion model (18). 

We have recently reported in isolated hearts that 
halothane improves the oxygen supply to demand 
ratio by decreasing cardiac work and oxygen extrac- 
tion rather than by increasing oxygen delivery (41). 
Similar results were found in a different experimental 
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model (42). During and after perfusing hearts at 25% 
of the control pressure, halothane might serve to 
protect against hypoperfusion-induced injury by de- 
‘creasing myocardial oxygen consumption, as shown 
by the reduction in contractile function observed 
during hypoperfusion. This protective effect of 
halothane, however, was not observed during reper- 
fusion in the 0% and 10% PP groups, even though 
there was a small difference in contractile function of 
these groups during reperfusion. 

There was a significant increase in LVSP and 
+dLVP/dt,,,, during the first min of reperfusion only 
in the 0% PP group given 1.65% halothane compared 
with the 0% control group. The cause for this phe- 
nomenon is unclear. It is not related, however, to 
differences in coronary PP or coronary flow during 
the period of reactive hyperemia after resumption of 
coronary perfusion. One possibility is that at 1 min of 
reperfusion there was a lesser accumulation of by- 
products of metabolism, as well as sodium and cal- 
cium, in this group given halothane before total 
coronary occlusion compared with the 10% and 25% 
PP groups. On reperfusion in the 25% PP groups, 
contractile function improved more in the 1.65% 
halothane group than in the halothane-free control 
group after 40 min of reperfusion. This suggests a 
protection by halothane on recovery of mechanical 
function after moderate (25%) but not severe (0% and 
10%) hypoperfusion. The greater recovery of contrac- 
tile function in the halothane group could reflect 
protection by halothane through a decrease in oxygen 
demand rather than through an increase in oxygen 
supply. Additional protection could be afforded by an 
induced decrease in heart rate by halothane. 
Halothane, in a nonglobal cardiac ischemic model, 
has been shown to improve oxygen balance in isch- 
emic as compared with nonischemic areas of myocar- 
dium (43). 

Although the major mechanism for cardiac protec- 
tion may be due to a direct effect on decreasing 
accumulation of calcium before, during, and after 
hypoperfusion, as we have previously reported 
(16,17), an additional protective mechanism of 
halothane may be through its effect on decreasing 
heart rate, as heart rate is a determinant of the oxygen 
supply-to-demand ratio. The protective effect of a 
lowered heart rate against dysrhythmias occurring 
during reperfusion has been demonstrated in isolated 
rat hearts (44). An increase in heart rate has been 
shown to increase the severity of ischemic injury (45) 
and also to increase the incidence of reperfusion 
dysrhythmias (38). 

Halothane has been suggested to have both pro- 
dysrhythmic and antidysrhythmic effects. Distur- 
bances in automaticity and conduction caused by 
halothane can lead to cardiac dysrhythmias. We have 
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previously reported that halothane diminishes 
changes in the refractory period of ventricular muscle 
fibers induced by hypercarbia (46) and that halothane 
decreases the spontaneous rate of Purkinje fibers 
surviving in the ischemic region of canine heart 
infarcted 24 h earlier (47). 

In the 0% and 10% PP groups no heart remained in 
the sinus rhythm making it impossible to measure 
AVCT. Endogenously released adenosine is at least 
partially responsible for the increase in AVCT during 
hypoxia (48) and possibly during ischemia. Although 
sinoatrial and AV nodal rates were dramatically al- 
tered during ischemia, the complete recovery of heart 
rate and AVCT with reperfusion is consistent with 
the relative resistance of nonworking specialized 
nodal fibers to structural damage caused by global 
ischemia and reperfusion (46,49). 

The halothane-free groups exhibited a shorter time 
in sinus rhythm and a longer time in dysrhythmic 
patterns. The antidysrhythmic effect observed with 
halothane persisted not only during exposure to 
halothane during early reperfusion but also after 
discontinuation of halothane, because the 0% and 
10% PP groups exhibited a lesser duration of dys- 
thythmias 30 min after halothane was discontinued. 
A possible explanation is that halothane attenuates 
damage to the conduction system or myocardial 
Purkinje cells, which have a potential for abnormal 
automaticity secondary to hypoperfusion and reper- 
fusion. 

In the current study, halothane produced su- 
praventricular tachycardia with reperfusion at each 
level of reduced PP, and the incidence and duration 
of supraventricular tachycardia was greater at the two 
lower PPs. This prodysrhythmic effect of halothane 
was concentration-independent, and it was altered 
by the level of hypoperfusion. As shown in the 
current study and in our previous studies (24,50), 
halothane decreases automaticity of sinoatrial and 
AV nodes and conduction through intraatrial and 
intraventricular tissue and increases AV nodal refrac- 
toriness (51). The reentry mechanism might be in- 
volved in the occurrence of supraventricular tachy- 
cardia. Also, isolated ischemic hearts exhibit 
enhanced catecholamine release (52), which might 
interact with halothane to cause rhythm distur- 
bances, possibly due to enhanced automaticity in 
subsidiary atrial pacemakers (53). Apparently, this 
prodysrhythmic effect of halothane is associated with 
ionic and metabolic changes occurring during hypo- 
perfusion and reperfusion in atrial tissue. Atrial tis- 
sue may also differ from ventricular tissue in some 
electrophysiologic properties involved in the genesis 
of dysrhythmias. 

Overall, our in vitro study suggests that halothane 
may directly ameliorate the degree of dysfunction 
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induced by global hypoperfusion and reperfusion 
under certain experimental conditions. The underly- 
ing mechanism could be due to decreased myoplas- 
mic accumulation of calcium during repérfusion, de- 
creased metabolic requirements for oxygen afforded 
by halothane before, during, and after reperfusion, or 
by both. Although during the reperfusion period 
there was no difference in recovery of contractile 
function with halothane in the 0% and 10% PP 
groups, there was a difference in electrophysiologic 
recovery. The incidence and duration of serious ven- 
tricular dysrhythmias, which were much more severe 
in the 0% PP group, were reduced by halothane. It 
appears that even at a PP of 10% of control, there is 
sufficient delivery of oxygen and nutrients and wash 
out of generated free radicals and other metabolic 
by-products to afford beneficial electrophysiologic 
effects because there were fewer dysrhythmias. But 
halothane may significantly improve contractile func- 
tion only when coronary pressure and flow are better 
maintained, i.e., as in the 25% PP group. With 
cessation or near cessation of flow, halothane appears 
to offer no added protection of contractile function 
during reperfusion, but does appear to have benefi- 
cial electrophysiologic effects on the basis of reduced 
dysrhythmias. Global hypoperfusion of increasing 
duration in vivo would, of course, have more serious 
sequelae because, as hypotension occurs and coro- 
nary flow decreases, death would result from intrac- 
table dysrhythmias and cardiac standstill. However, 
the relative increase in the oxygen supply-to-demand 
relationship, or the calcium flux effects, afforded by 
halothane before the onset and during hypoperfusion 
could be beneficial in improving myocardial function 
with reperfusion. 


We thank Rob Mehner for technical assistance, Mary Ziebel for 
doing the halothane assay, and Mimi Mick and Evonne Cunning- 
ham for preparation of the manuscript. 
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Propofol and Thiopental Depression of 


Myocardial Contractility 


A Comparative Study of Mechanical and Electrophysiologic Effects 
in Isolated Guinea Pig Ventricular Muscle 


Wyun Kon Park, MD, and Carl Lynch II, MD, PhD 
Department of Anesthesiology, University of Virginia Health Sciences Center, Charlottesville, Virginia 


The purpose of the study was to compare the actions 
of propofol and thiopental on myocardial contractility 
and cellular electrophysiologic behavior. Isometric 
tension of isolated guinea pig right ventricular papil- 
lary muscle was studied in normal and 26 mM potas- 
sium Tyrode’s solutions at various stimulation rates 
(after rest up to 3 Hz). Normal and slow action 
potentials were also recorded by conventional micro- 
electrodes. Propofol (30, 100, and 300 aM) applied in 
the commercial 10% Intralipid emulsion caused dose- 
dependent depression cf contractions at all stimula- 
tion rates, whereas Intralipid alone had no effect. 
Thiopental (10, 30, and 100 uM) caused depression 
similar to the threefold greater concentrations of 
propofol. Although neither drug altered the normal 


y virtue of its rapid onset, short duration of 

action, and rapid elimination, propofol (2,6- 

diisopropylphenol) would appear to be an at- 
tractive alternative to thiopental for induction of 
anesthesia (1,2). Yet induction of anesthesia with 
propofol in patients is often associated with a de- 
crease in systemic arterial pressure (3-9). These pre- 
vious clinical studies on the hemodynamic effects of 
anesthetic induction with propofol have provided 
conflicting results with regard to effects on cardiac 
output and systemic vascular resistance (SVR). In 
animal models, several authors have reported that 
the decrease in arterial blood pressure after adminis- 
tration of propofol is caused by a decrease in cardiac 
output associated with little change (10) or a decrease 
(11,12) in SVR. Whereas some results implicate de- 
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action potential (AP) amplitude or dV/dt max, thio- 
pental (30 uM) increased AP duration. In the partially 
depolarized (26 mM potassium) f-adrenergically 
stimulated myocardium, propofol and thiopental 
caused dose-dependent contractile depression similar 
to that in normal Tyrode’s solution. Whereas propo- 
fol did not alter slow AP characteristics, 30-100 uM 
thiopental increased slow AP duration (consistent 
with decreased potassium conductance), and 100 uM 
thiopental depressed dV/dt max (consistent with de- 
creased calcium channel ionic influx). Comparing the 
clinical plasma concentration ranges required for an 
equivalent anesthetic effect, propofol depresses myo- 
cardial contractility less than thiopental. 

(Anesth Analg 1992;74:395-405) 


pression of myocardial contractility as contributing to 
the decrease in systemic arterial pressure after propo- 
fol administration (9,10,12-14), other studies suggest 
that decreased arterial blood pressure is caused by a 
reduction in cardiac output owing to venodilation 
and diminished preload (4,6,14-17), or owing primar- 
ily to decreased SVR without depression in cardiac 
output or stroke volume (3,4,7,16,18). 

In view of these conflicting observations, we de- 
termined the direct negative inotropic effect of clinical 
concentrations of propofol and compared these ef- 
fects to those produced by clinical concentrations of 
thiopental in the same isolated myocardial prepara- 
tion. A variety of inotropic interventions were used to 
provide mechanistic insights, and drug actions on 
cellular electrophysiologic behavior were also com- 
pared. 


Methods 


According to a protocol approved by the University 
of Virginia Animal Research Committee, the heart 
was removed from female guinea pigs (300-400 g) 
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under methoxyflurane anesthesia, and right ventric- 
ular papillary muscles were isolated. Control studies 
demonstrate no residual action of the methoxyflurane 
in the myocardium. The excised muscle was mounted 
horizontally in a tissue bath, and the tendinous end 
was attached by a strut to a Grass FT03 force trans- 
ducer. Muscle length was adjusted to the lowest 
resting tension at which maximum twitch tension 
was observed. The bath was superfused at 37°C at a 
rate of 8 mL/min throughout the experiment with 
modified Tyrode’s solution composed of 143 mM Na, 
5 mM K, 121 mM Cl, 1.2 mM MgSO, 25 mM HCO, , 
11 mM glucose, and 0.1 mM ethylenediaminetet- 
raacetic acid. This solution was circulated through the 
bath from reservoirs (37-38°C) through which 95% 
0O75% CO, was bubbled maintaining pH at 7.45 + 
0.5. Muscles were field-stimulated by stimuli of 
0.5-ms duration through a pair of stainless steel 
electrodes along the wall of the bath. Membrane 
potential (Vn) was monitored by a conventional 3 M 
KCl-filled glass microelectrode (10-20 MQ) attached 
to a WPI VF-1 preamplifier. Tension, Vn» and its rate 
of change during the action potential (dV/dt) were 
monitored on digital storage oscilloscopes, and ten- 
sion, its differentiated signal (dT/dt), and V,, were 
continuously recorded on a Gould Brush 2400 re- 
corder. 

After 15 min of rest, a rested-state contraction was 
elicited followed by stimulation rates of 0.1, 0.25, 0.5, 
1, 2, and 3 Hz applied sequentially. Each stimulation 
rate was maintained until an unchanging, steady 
state contraction was achieved, before proceeding to 
the next higher frequency. In normal Tyrode’s solu- 
tion, increasing the stimulation rate resulted in a 
typical “positive staircase”; contractions at 2-3 Hz 
were 10~-20-fold greater than those after rest, similar 
to previous results from this laboratory with this 
preparation (19,20). After control studies, muscles 
were exposed to each drug for 15 min before the 
recording of responses. In control experiments, a 
15-min application of drug was sufficient to cause a 
stable and unchanging effect. Recovery responses 
were recorded after washout of drug for 20-25 min. 
After each experiment, the cross-sectional area of 
each muscle was calculated from the muscle length, 
weight, and density (1.04 g/mL) assuming a cylindri- 
cal form. In the tension studies, cross-sectional area 
ranged from 0.18 to 1.26 mm? in the muscles studied, 
with a mean cross-sectional area of 0.53 + 0.24 mm? 
(mean + sp, n = 34). Intracellular impalement was 
attempted in most muscles; however, higher stimu- 
lation rates (2 and 3 Hz) frequently caused dislodge- 
ment of impaled microelectrodes. Only results from 
an impalement that was maintained throughout the 
whole sequence (i.e., control, drug exposure, and 
washout periods) were tabulated. Stimulation inten- 


ANESTH ANALG 
1992;74:395-405 


sity was maintained at ~110% of the lowest level 
necessary to elicit a response and then adjusted 
during the experiment to maintain approximately the 
same latency (stimulus-action potential interval, usu- 
ally 5-10 ms) at all stimulation rates. Action potential 
(AP) amplitude, maximum rate of depolarization (dV/ 
dt max), and AP duration at 50% and 95% repolar- 
ization (APD; and APDgs, respectively) were mea- 
sured. 

Muscle tension and action potentials were also 
studied in muscles in 26 mM K* Tyrode’s solution 
(122 mM Na, 26 mM K, 121 mM Cl, 1.2 mM MgSO,, 
25 mM HCO, , 11 mM glucose, and 0.1 mM ethyl- 
enediaminetetraacetic acid), which caused partial de- 
polarization to —40 to —45 mV and inactivated fast 
sodium channels. B-Adrenergic stimulation with 
0.1 uM isoproterenol increases the number of Ca?* 
channels that can be activated, thus permitting slow 
action potentials, increasing extracellular Ca** entry, 
and enhancing contractility (21). The increased cyclic 
adenosine monophosphate owing to f-adrenergic 
stimulation also promotes Ca** uptake into the sar- 
coplasmic reticulum (SR) (22,23). The sequential in- 
crease in stimulation rate after rest was performed as 
in the 5 mM K* Tyrode’s solution. The pattern of 
tension after rest and up to 0.5-1-Hz stimulation 
consistently demonstrated a distinct late phase of 
tension development (24); the rate of tension devel- 
opment after rest up to 0.5-1 Hz showed distinct 
early and late maxima, termed dT,/dt max and dT,/dt 
max, respectively (19,25). Late peaking tension was 
not present at 2 and 3 Hz, and no value of dT, /dt max 
was noted. Action potential characteristics (ampli- 
tude, dV/dt max, APDs, and APD gs) were deter- 
mined as in 5 mM K* Tyrode’s solution. Owing to the 
difficulty of maintaining intracellular impalements 
and appropriate stimulus-AP latencies at 2- and 3-Hz 
stimulation, accurate measurements for slow AP 
dV/dt max could be reliably recorded only up to 1 Hz. 

An additional series of muscles was also studied in 
Tyrode’s solution with Na* reduced to 40 mM, re- 
placing 100 mM NaCl with 200 mM sucrose to main- 
tain osmolarity. By reducing the Na” gradient across 
the cell membrane, the driving force for the Na-Ca 
exchange is reduced, so that the sarcoplasmic reticu- 
lum stores of Ca?* are not reduced and remain full 
during rest. Stimuli after rest, at 0.01 or 0.1 Hz, show 
very strong contractions with rapid tension develop- 
ment, similar to those seen with 2-3-Hz stimulation 
in normal Tyrode’s solution. 

Papillary muscle experiments performed are out- 
lined in Table 1. Increasing concentrations of propo- 
fol (30, 100, and 300 uM; or 5.3, 17.8, and 53 pg/mL) 
and thiopental (10, 30, and 100 uM; or 2.6, 7.9, and 
26.4 g/mL) were applied sequentially to muscles to 
assess each drug effect. Propofol at various concen- 
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Table 1. Experiments Performed With Sequence of 
Solutions Applied 


I. Force-frequency studies, rested state up to 3 Hz 
A. In standard Tyrode’s solution 
1. Control, Tyrode with 0.018% Intralipid emulsion, 100 uM 
propofol emulsion, washout with Tyrode-0.018% 
Intralipid 
2. Propofol dose response (control, 30, 100, 300 uM, 
washout) 
3. Thiopental dose response (control, 10, 30, 100 uM, 
washout) 
B. In 26 mM K* Tyrode’s solution with 0.1 uM isoproterenol 
1. Control, Tyrode-0.018% Intralipid, 100 uM propofol 
emulsion, washout with Tyrode-0.018% Intralipid 
2. Propofol (control, 30, 100, 300 aM, washout) 
3. Thiopental (control, 10, 30, 100 4M, washout) 
Il. Action potential studies, 0.1-1 Hz 
A. Normal action potentials in standard Tyrode’s solution 
1. Control, Tyrode-0.018% Intralipid, 100 uM propofol 
emulsion, washout with Tyrode-0.018% Intralipid 
2. Thiopental (control, 30 uM, washout) 
B. Slow action potential studies in 26 mM K* Tyrode’s 
solution with 0.1 uM isoproterenol 
1. Control, Tyrode—0.018% Intralipid, 100 uM propofol 
emulsion, washout with Tyrode-0.018% Intralipid 
2. Thiopental (control, 30 uM, washout) 
3. Thiopental (control, 100 uM, washout) 
HI. Experiments in low-Na Tyrode's solution, 0.01 and 0.1 Hz 
1. Propofol (control, 100, 300 uM, washout) 
2. Thiopental (control, 30, 100 uM, washout) 


trations was applied in its commercially available 10% 
Intralipid emulsion (56 mM [10 mg/mL] propofol, 10% 
soybean oil, 2.25% glycerol, and 1.2% purified egg 
phosphatide). In a number of experiments, before and 
subsequent to 100 4M propofol application, Intralipid 
by itself was applied in a concentration (0.018%) equiv- 
alent to that which would be obtained with emulsion 
sufficient for 100 uM propofol. 

Repeated measures analysis of variance (ANOVA) 
followed by Scheffe’s multiple range test was applied 
to test for significant differences among the stimula- 
tion rates and among the drug concentrations. A 
P value < 0.05 was considered adequate to indicate 
significant differences. The dose dependence of con- 
tractile depression was fit by a simple regression 
versus the log of drug concentration, and the 90% 
and 95% confidence intervals of slope were deter- 
mined (Statview Software, Abacus Concepts, Inc.). 


Results 


Experiments With Normal Tyrode’s Solution 


Administered in a concentration equivalent to 100 uM 
propofol, Intralipid emulsion (0.018%) alone had no 
depressant action (Figure 1A). The same emulsion 
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including propofol (100 uM) depressed peak tension 
(upper panel) and dT/dt max (lower panel) at all stim- 
ulation rates. Washout of drug caused substantial re- 
versal of the effect at the higher stimulation rates. As 
the action of Intralipid alone was negligible, the effects 
of 30, 100, and 300 uM propofol (as emulsion) were 
compared with standard Tyrode’s solution control (Fig- 
ure 1B). Propofol dose-dependently depressed contrac- 
tions, with effects at 100 and 300 uM being greater (P < 
0.05, ANOVA) than effects at 30 and 100 uM, respec- 
tively. The magnitude of depression with 100 uM 
propofol was similar to that observed with the Intra- 
lipid pretreatment. Washout of the 300 uM propofol 
effect restored contractility to ~40% of control levels 
(data not plotted for clarity). Dose-dependent contrac- 
tile depression by thiopental (10, 30, and 100 uM) was 
roughly equivalent to that caused by the threefold 
greater concentrations of propofol (Figure 1C). Contrac- 
tile depression at 2-3 Hz was greater than that at 
0.5-1 Hz for all thiopental concentrations. In normal 
action potential experiments, Intralipid and 100 uM 
propofol caused no change in normal AP amplitude, 
dV/dt max, APD; and ADP, with mean AP character- 
istics at 0.5 Hz shown in Table 2. The equivalent 
contractile depressant dose of thiopental (30 uM) did 
not depress AP amplitude and dV/dt max, but APD;o 
and APD; were prolonged at 0.5 Hz (Figure 2A, Table 
2), an effect seen at all stimulation rates. There was 
also a tendency for the muscles to depolarize slightly in 
30 uM thiopental: resting Vm increased from —83.5 + 
3.0 mV (mean of control and recovery) to —79.3 + 
3.3 mV (P = 0.099 by paired t-test). 


Experiments With High-K* Tyrode’s Solution 


In 26 mM K* Tyrode’s solution with 0.1 4M isopro- 
terenol, contractions after rest and up to 0.5-1 Hz 
showed a typical late-peaking response (Figure 3). 
As in normal Tyrode’s solution, Intralipid (0.018%) 
had no effect on contractions, whereas subsequent 
100 uM propofol emulsion depressed peak tension 
with greater depression of dT,/dt max than of dT;,/ 
dt max (not shown). With sequential application, 
30 uM propofol had little effect, whereas 100 and 
300 uM propofol depressed peak tension at all stim- 
ulation rates (Figure 4A). Propofol depression of the 
late tension was most prominent (see Figures 3A and 
4A): dT,/dt max was ~10% of control in 300 pM 
propofol (=1 Hz); dT,/dt max was depressed by only 
50%-60%. 

Thiopental also caused dose-dependent depres- 
sion of peak tension of slow AP contractions, espe- 
cially from rest up to 1 Hz. Similar to effects of 300 uM 
propofol, 100 uM thiopental decreased late tension 
(dT,/dt max) to 5%-10% of control, while decreasing 
early tension (T,/dt max) to about 40% -of control. 
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Table 2. Effects of 100 uM Propofol and 30 uM 
Thiopental on Normal Action Potential Characteristics 
at 0.5 Hz 


dV/dt 
Amplitude max APDso APDos 
(mV) (V/s) (ms) (ms) 


Propofol 100 uM 
Control 115 +1 242 +32 161+5 1876 
Intralipid 115+2 293+23 161+5 195+8 
Propofol 119+3 248+ 15 156248 192 + 11 
Washout 116+3 268£2 15444 191231 
Thiopental 30 uM 
Control 125 +3 289+28 153+8 187+ 10 
Thiopental 12 +3 267+33 166+11" 214+ 12" 


Washout 125 +3 277+44 156+11 190+ 13 


Values represent mean + sem for nine experiments. eated measures 
analysis of variance followed by Scheffe’s multiple range test was used to 
test for difference among groups. 

*P < 0.05 differed from control and washout values. 


Partial recovery was observed with washout of the 
100 uM thiopental, the final recovery contractions 
being similar to those seen in 10 uM thiopental (not 
plotted for clarity). 

Neither Intralipid nor 100 uM propofol caused any 
changes in the slow AP amplitude, dV/dt max, and 
APDs and APDgs. In contrast, 30 and 100 uM thio- 
pental caused a reversible, dose-dependent AP pro- 
longation of 15%-33%, depending on stimulation rate 
and dose (Figures 2B and 5). Automaticity developed 
in all four muscles in 100 uM thiopental, either 
5-10 min after exposure or at the beginning of thio- 
pental washout. The automatic pattern had a regular 
rate of ~0.7 Hz (40 beats/min), so stimulated slow 
APs were characterized only at 1 Hz: dV/dt max 
decreased from 22 + 2 to 19 + 1 V/s (recovery: 23 + 
1 V/s); APD; increased from 113 + 3 to 153 + 6 ms 
(recovery: 128 + 3 V/s); APDos increased from 131 + 
2 to 188 + 6 ms (recovery: 150 + 4 V/s). Automaticity 
was unaltered after overdrive pacing at 2-3 Hz, but 
resolved 2-4 min after drug washout. In 2 of 4 
experiments, 100 uM thiopental application caused a 
depolarization of 2-5 mV. After an AP, V,, repolar- 
ized to near the untreated level, and then gradually 
depolarized (see Figure 2B), resulting in a spontane- 
ous AP if the stimulation interval exceeded 1.6-1.7 s. 


Effects in Low-Na* Tyrode's Solution 


Propofol (100 and 300 uM) and thiopental (30 and 
100 uM) depressed contractions in 40 mM Na* Ty- 
rode’s solution in a degree similar to their depression 
of rapid tension development at 2-3 Hz in other 
Tyrode’s solution (Table 3). At identical stimulation 
rates, either dose of propofol or thiopental tended to 
depress dI/dt max somewhat less than the peak 
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A C = control 
f = recovery 
(washout of drug) 
30 uM thiopental 
80 mV 
100 m% 


30 pM thiopental 100 pM thiopental 


Figure 2. Effects of thiopental on cardiac action potentials (APs). 
The horizontal line indicates 0 mV. A. Effects of 30 uM thiopental on 
normal APs recorded at 0.5 Hz stimulation rate. B. Effects of 30 and 
100 aM thiopental on slow APs recorded at 1 Hz stimulation rate in 
26 mM K* Tyrode’s solution with 0.1 uM isoproterenol. Stimula- 
tion intervals of longer than 1.6 s resulted in spontaneous APs in 
100 uM thiopental. 


tension. Whereas depressant effects of the lower drug 
doses did not differ, 100 uM thiopental was.more 
depressant on 0.01 Hz contractions than was 300 uM 
propofol. 


Discussion 


Several authors (3,4,7) have reported that decrease in 
arterial blood pressure after administration of propo- 
fol is caused by a decrease in systemic vascular 
resistance (SVR) with little or no change in cardiac 
output or stroke volume. Other studies suggest that 
the reduction in arterial blood pressure after propofol 
is related primarily to venodilation, resulting in de- 
creased pulmonary capillary wedge pressure and a 
subsequent decrease in cardiac index, with SVR de- 
creasing or remaining unchanged (6,15,17). How- 
ever, Van Aken et al. (5) found major hemodynamic 
depressant effects of propofol on cardiac output and 
stroke volume with only minor effects on SVR. Sev- 
eral other reports from both clinical and animal 
studies (7,9-12,26), as well as recent in vitro reports 
(27-29), suggest that propofol caused some degree of 
myocardial depression in addition to any vasodilating 
effect. 

In the present study, the ~50% depression of 
tension development at 2-3 Hz by 100 uM propofol 
is identical to the 50% depression caused by 112 uM 
(20 mg/L) propofol in rabbit papillary muscle at 2 Hz 
and 30°C (29). Similarly, in a previous guinea pig 
papillary muscle study, propofol had a calculated 
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Figure 3. Depression by propofol and thiopental of papillary muscle contractions elicited in 26 mM K* Tyrode’s solution with 0.1 uM 
isoproterenol. Contractions, which accompanied slow action potentials, are shown for 0.1-, 1-, and 3-Hz stimuli. Dotted line indicates 
response after drug washout for 20 min. A. Effects of 30, 100, and 300 uM propofol. B. Effects of 10, 30, and 100 uM thiopental. 


IC, of 78 uM for 1-Hz contractions at 35°C (28). 
These in vitro results are in agreement with the 
findings in the open-chest pig model, where a signif- 
icant correlation existed between the propofol con- 
centration (S12 ug/mL or $67 uM) and up to a 50% 
decrease in myocardial contractility as assessed by 
the end-systolic pressure-length relationship (10). It 
is noteworthy in that study that myocardial depres- 
sion did not reverse with the decline in serum con- 
centration. Such lack of rapid reversibility was ob- 
served in this study as well as in a recent report in 
isolated rabbit septum in which 170-350 uM propofol 
caused 50% depression of contractility (27). The 
highly hydrophobic nature of propofol (octanol/water 
partition of ~5000 [Professional Communication, 
Medical Information, ICI Pharmaceuticals Group, 
Wilmington, Del.]) may slow its washout into aque- 
ous media. : 
Myocardial depression by thiopental has been pre- 
viously reported by a number of investigators. Price 
and Helrich (30) described the depression of contrac- 
tility in the dog heart-lung preparation. They found 
the 50% depressant concentration to be 3.5 mg% 
(133 uM). Effendi et al. (31) observed 50% of control 
tension with 190 uM and 259 uM thiopental in the 
isolated newborn and adult guinea pig heart, respec- 
tively, using a Langendorff preparation stimulated at 
4 Hz and 37°C. Davies and McCans (32) found that 
the tension of whole perfused rabbit heart at 37°C 
was depressed to 40% of control by 400 aM thiopen- 


tal at 1 Hz, which decreased to 30% of the control 
values at 2.5 Hz. In contrast, isolated excised heart 
muscle is depressed by lower thiopental concentra- 
tions. Frankl and Poole-Wilson (33) reported that 28 
and 227 uM thiopental reduced the developed ten- 
sion by 50% and 80%, respectively, in an arterially 
perfused intraventricular septum of the rabbit. Komai 
and Rusy (34) observed that 10, 20, and 30 mg/L 
thiopental (29, 58, and 87 uM) depressed rabbit 
papillary (at 30°C) muscle peak contractile force at 
1 Hz to 77%, 58%, and 44% of control, respectively, 
and contractions at 2 Hz to 76%, 55%, and 35% of 
control. These observations in excised myocardial 
muscle preparations are very similar to the dose 
dependence of depression by thiopental in the 
present study. In addition, the somewhat greater 
percentage depression of contractility at higher stim- 
ulation rates in normal Tyrode’s solution was a 
finding of the present and prior studies. 

The contractile dose response observed in this 
study and in normal Tyrode’s solution at 3 Hz is 
shown in Figure 6. The regression lines for the dose 
dependence of contractile depression did not vary 
between the two drugs, although at least a threefold 
higher concentration of propofol was required to 
obtain the same degree of depression observed with 
thiopental. The lower drug concentrations studied 
represent the serum levels anticipated clinically. A 
6-mg/kg intravenous bolus injection of thiopental in 
patients gives an average peak concentration in se- 
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Figure 4. Effects of propofol and thiopental on myocardial contractions in 26 mM K* Tyrode’s solution with 0.1 uM isoproterenol at various 
stimulation rates. Resuits are plotted as mean (+sEm) percent of control {n = 5-7). Upper panels show actions on peak tension. Middle panels 
show alteration in the maximum rate of early tension development (dT}/dt max). Lower panels show alteration in maximum rate of late 
peaking tension (dT,/dt max). “Difference (P < 0.05) from control. A. Effects of increasing concentrations of propofol (added as Intralipid 
emulsion). B. Effects of increasing concentrations of thiopental. 
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Figure 5. Effects of 30 uM thiopental on slow action potential 
duration at 50% repolarization (APD) or at 95% repolarization 
(APD,s). Results are plotted as mean + sem of measured values. 
*Difference (P < 0.05) from control and washout. 


Table 3. Effects of Propofol and Thiopental on 


Contractions in Reduced (40 mM) Na” Tyrode’s Solution 
Peak tension dT/dt max 
Concantaton (% control) (% control) 
(uM) 0.01 Hz 0.1 Hz 0.01 Hz 0.1 Hz 
Propofol 100 72£9 7645 85£6 8248 
300 64+7 62+6 82+4* 75+ 10 
Thiopental 30 61+9 78+1 8+5 8641? 
100 4645 51+5 54247 632 6° 


Values represent mean + 3M for four experiments. 
‘P < 0.05, difference from peak tension by paired t-test. 
bP < 0.01, difference from peak tension by paired t-test. 
P < 0.05, difference between 100 uM propofol and 300 uM thiopental by 
unpaired t-test. 
“P < 0.01, difference between 100 uM propofol and 300 uM thiopental by 


unpaired t-test. 


rum of 93 wg/mL (352 uM) (35), whereas 12.6 ug/mL 
(48 uM) represents the average anesthetic plasma 
concentration (ADso) (36). Assuming 83%-86% pro- 
tein binding (35,36), the average anesthetic and peak 
concentrations of unbound thiopental achieved in 
humans should be about 1.9-16 g/mL (7.2-60 uM). 
This calculated clinical range of free (non-protein- 
bound) thiopental is indicated in Figure 6. From 
Cockshott (37), the typical peak serum values for 
propofol may be as high as 8 ug/mL (44 uM), with 
infusions yielding values of 4-5 ug/mL (22 uM); its 
clinical range is also indicated in Figure 6. Comparing 
equally effective clinical concentrations of drug at the 
higher, near physiologic rates (=3 Hz), it is apparent 
that the depressant action of thiopental on myocar- 
dial contractility (to 30%-60% of control) is greater 
than that of propofol (to 70%-80% of control). 
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Figure 6. Concentration-response relation of thiopental and 
propofol. Myocardial peak tension observed at 3 Hz in normal 
Tyrode’s solution is plotted as a percent of the control value. Drug 
concentrations on a log scale are indicated in uM (lower scale) and 
ug/ml (upper scale), as well as the clinical concentration ranges of 
propofol and of free (unbound to serum proteins) thiopental. The 
depression by 30 uM thiopental was greater (P < 0.05) than that by 
30 uM propofol. The regression lines are shown for tension as a 
function of log [drug]. The slopes of the dose response (as a 
function of the log [drug]) and the correlation coefficient are 
indicated. The 90% confidence limits for the slope of the dose 
responses are —17 to —57 x log [thiopental] and ~-89 to —40 x log 
[propofol], indicating that the drugs did not differ significantly in 
the slope of the dose responses. 


However, relating the total clinical serum concen- 
trations of propofol to free aqueous drug concentra- 
tions in serum or perfusate is difficult. Assuming that 
the octanol/water partition of ~5000 approximates 
the partitioning between lipid and water in the com- 
mercial Intralipid preparation, then 0.15% of drug is 
in the aqueous phase with a concentration of 
~0.1 mM, and the suspended lipid phase (11.2%) has 
a concentration of ~500 mM. When the appropriate 
volume of emulsion is added to superfusing solutions 
to obtain total concentrations of 30, 100, and 300 uM, 
the calculated aqueous concentrations are 22, 46, and 
66 aM. (Calculated according to the equation: Aque- 
ous drug concentration = Total quantity of drug + 
{Solution volume x [1 + % Lipid x (Partition coeffi- 
cient — 1)]}, where the percent lipid was calculated 
from the dilution of the Intralipid that contained the 
equivalent of 11.2% lipid [soybean lipid plus purified 
egg phosphatide].) Although the rate of exchange 
between the propofol-containing liposomes, the 
aqueous phase, and serum proteins is not reported, it 
is known that a very large fraction (98%) of propofol 
is bound to serum protein in blood (38), as expected 
for such a lipophilic compound. Therefore, the un- 


ANESTH ANALG 
1992;74:395-405 


bound estimated propofol superfusate concentrations 
of 22, 46, and 66 uM may be significantly higher than 
the concentration of unbound drug in serum. In the 
comparable clinical range, the effective propofol con- 
centration may be lower than that achieved in this 
protein-free medium, and the difference in contractile 
depression between propofol and thiopental may be 
even greater than suggested by Figure 6. 

The relatively modest effects of propofol on contrac- 
tility at clinical concentrations do not explain the 
marked depression of systemic arterial blood pressure 
frequently observed experimentally (12,15) or clinically 
(3,4,6,7,13,16-18). However, the multiple studies that 
suggest that propofol decreases SVR (3,4,6,7,16,18) as 
well as causes venodilation (14,15,17) support the no- 
tion that the decrease in systemic arterial blood pres- 
sure that accompanies propofol administration is due 
primarily to relaxation of arteriolar and venous tone, 
combined with a modest effect of decreased myocardial 
contractility. Furthermore, the decreased SVR may in 
part compensate for myocardial depression, permitting 
maintenance of ventricular function and cardiac output 
under many circumstances (9,15,17). 

The most characteristic electrophysiologic finding 
in this study was the consistent prolongation of the 
AP by thiopental, an effect previously observed by 
other investigators (33,39). Such delay of repolariza- 
tion is consistent with a decrease in K* conductance, 
which has been substantiated by radioisotopic stud- 
ies (33). Although an enhanced or prolonged inward 
current (Ca** or Na*) could explain this phenome- 
non, such actions of thiopental seem unlikely in view 
of the suggestion that thiopental may depress Ca?* 
influx. As previously reported in canine papillary 
muscle (39), we also found that 100 uM thiopental 
reduced dT/dt max, suggesting that thiopental inhib- 
its the Ca channel mediated influx of Ca**. In addi- 
tion, both pentobarbital and thiopental have been 
shown to reduce Ca** uptake in stimulated rat sym- 
pathetic ganglia, suggesting inhibition of voltage- 
gated Ca?* influx (40). It has been postulated that in 
cardiac muscle the intracellular [Ca**] has an impor- 
tant regulatory role on the AP duration. As the 
increase of intracellular Ca** after depolarizations 
may in part be responsible for activating a K* con- 
ductance and subsequent repolarization (41,42), de- 
pression of Ca** entry could contribute to AP prolon- 
gation. Alternatively, a direct depressant effect on the 
resting K* conductance could contribute to increased 
AP duration, as well as explain the observed slight 
depolarization of the resting potential and the spon- 
taneously occurring APs in the partially depolarized 
preparations previously reported by Mantelli et al. 
(43). As dV/dt of APs actually measures net current, 
simultaneous decrease of inward and outward cur- 
rent may have counteracting effects. The failure to 
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detect a decrease of the slow AP dV/dt max with 
30 uM thiopental does not eliminate possible depres- 
sion of Ca** currents by this lower dose if coincident 
depression of K* conductance was also occurring. 
Unlike the distinctive effects of thiopental, propofol 
had no effects on any AP characteristics. It is note- 
worthy that in a clinical study of electrocardiograms 
observed during propofol or thiopental administra- 
tion, thiopental caused a significantly greater prolon- 
gation than propofol of the QT interval, the in vivo 
equivalent of cardiac AP duration (44). 

Both propofol and thiopental selectively depressed 
the distinct late peaking tension observed with slow 
APs more than the early tension development char- 
acteristic of physiologic heart rates or observed in 
low-Na Tyrode’s solution. Reiter et al. (45) have 
reported that this late peak tension is due to the Ca?* 
that enters the cell during the initial phase AP, is 
taken up into the SR, and subsequently released late 
in depolarization. Procaine and other local anesthet- 
ics, isoflurane, and enflurane have been shown to 
selectively depress the late peak tension attributed to 
this late SR Ca** release (19,25,46). In contrast, 
ryanodine decreases the initial tension development 
(25) by putting the Ca release channel in a low 
conductance state and decreasing SR Ca** available 
for release (47,48). Although the source of activator 
Ca** for both the early tension development and the 
late-peaking tension is the SR, the specific Ca** pools 
are released via pharmacologically distinct mecha- 
nisms (25,46). Physiologic evidence for two types of 
cardiac SR Ca** release has also been recently pre- 
sented (49). Thus these two intravenous general 
anesthetic agents have a pharmacologic feature in 
common with local anesthetics, and also isoflurane 
and enflurane, in selectively greater depression of the 
late SR Ca** release. In a contrasting study of thio- 
pental on rabbit papillary muscle, Komai and Rusy 
(34) observed that 29-87 uM thiopental inhibited 
potentiated contractions significantly less than steady 
state contractions, suggesting that the capacity of SR 
to store and release Ca** is minimally affected by 
thiopental. The more modest depression of the early 
tension development by thiopental, both in normal and 
low-Na Tyrode’s solution, is also consistent with a 
modest effect on the rapid initial Ca?* release from the 
SR. Komai and Rusy suggest that the major action 
responsible for thiopental’s negative effect is inhibition 
of transsarcolemmal Ca** influx. The lack of effect of 
propofol on slow AP dV/dt and the modest depression 
of dV/dt max by thiopental suggests that depression of 
Ca** entry may not totally account for the observed 
contractile depression. The depression of early tension 
development in reduced-Na* Tyrode’s solution and at 
higher stimulation frequencies, in excess of apparent 
action on slow AP dV/dt, suggests that some effect of 
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thiopental and propofol on the early SR Ca?* release 
may contribute, although it is less prominent than the 
action on late tension. 

In conclusion, propofol directly depresses the con- 
tractility of isolated ventricular myocardium; how- 
ever, its depressant actions are more modest than 
those of thiopental at comparable clinical ranges. In 
contrast to propofol, thiopental altered the cardiac AP 
duration and slow AP more than did propofol, sug- 
gesting alteration of K* and Ca?* fluxes. 


We thank Martha J. Frazer for technical assistance and Dr. Joseph 
J. Pancrazio for helpful discussions. 
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Operative Lung Constant Positive Airway Pressure 
With the Univent Bronchial Blocker Tube 


Jonathan L. Benumof, MD, Sheila Gaughan, MD, and George T. Ozaki 
Department of Anesthesiology, University of California at San Diego Medical Center, San Diego, California 


Constant eee airway pressure (CPAP) to the 
operative lung during one-lung ventilation (1-LV) 
with a double-lumen tube increases Pao,; there have 
been no reports of application of CPAP to the oper- 
ative lung during 1-LV with the Univent bronchial 
blocker (BB) tube. This study determined the method 
of administration and the effect on Pao, of 10 cm H,O 
of CPAP to the operative lung during 1-LV (1-LV+10 
CPAP) produced by the Univent BB system. We 
designed our CPAP system for the Univent BB using 
an in vitro lung model so that low O, flow rates 
(2-4 L/min) yielded clinically relevant levels of CPAP 
(5-20 cm H20) over a wide range of lung compliance. 
The CPAP system simply consisted of placing a 
resistance to a variable oxygen flow distal to the 
operative lung. Seven consenting patients who re- 

ired thoracotomy and 1-LV were anesthetized and 

eir tracheas were intubated with the Univent BB 
tube; the BB was inserted into the appropriate main- 
stem bronchus until the proximal surface of the BB 
cuff was just distal to the tracheal carina. Pao, was 


perative exposure during thoracic surgery 
can be facilitated by one-lung ventilation 
(1-LV); however, the major risk of 1-LV is 
hypoxemia. Moderate levels of selective constant 
positive airway pressure (5-10 cm H,O of CPAP) to 
the nonventilated operative lung using a double- 
lumen tube statically and slightly distends the oper- 
ative lung, thereby decreasing the shunt through the 
operative lung and increasing Pao, to values close to 
those obtained during two-lung ventilation (2-LV) 
(1-10). Of course, CPAP to the operative lung must 
be applied on the deflation phase of a previous breath 
to achieve this oxygenation efficacy. 
The Univent bronchial blocker (BB) tube (Fuji Sys- 
tems Corporation, Tokyo, Japan) is a single-lumen 
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measured in the seven patients during 12 sequences 
of two-lung ventilation (2-LV), one-lung ventilation 
(1-LV), and 1-LV with 10 cm H,O CPAP (1-LV+10 
CPAP). 1-LV+10 CPAP was always instituted on the 


' deflation phase of a previous A tidal inhalation. 


We found in our patients with a lung compliance of 
32 + 4 mL/cm H,O that 2.4 + 0.2 L/min of oxygen 
flow produced 1-LV + 10 CPAP. The mean + sp Pao, 
during 2-LV, 1-LV, and 1-LV+10 CPAP was 347 + 
159, 127 + 93, and 312 + 122 mm Hg, respectively. 
The Pao, during 1-LV was significantly decreased 
compared with both 2-LV and 1-LV+10 CPAP (both 
P < 0.001), and there was no significant difference in 
Pao, during 2-LV compared with 1-LV+10 CPAP 
(P > 0.2). One-lung ventilation + 10 CPAP did not 
have any statistically significant hemodynamic effect 
or interfere with surgical ure. We conclude that 
1-LV+10 CPAP through the Univent BB tube is 
technically simple to administer and is potentially an 
efficacious treatment of hypoxemia during 1-LV. 
(Anesth Analg 1992;74:406-10) 


tube that has a small channel on the anterior wall 
through which a cuffed hollow catheter (the BB) may 
be inserted into the mainstem bronchus of the oper- 
ative lung to allow both 1-LV (BB cuff inflated) and 
2-LV (BB cuff deflated) (11-14). Inserting the Univent 
BB system into the trachea and positioning the BB in 
the appropriate mainstem bronchus with a fiberoptic 
bronchoscope appears to be relatively easy compared 
to inserting and positioning a double-lumen tube, 
and the Univent tube does not have to be changed to 
a standard single-lumen tube at the end of a case if 
postoperative mechanical ventilation is required. 
However, the Univent BB system may be less versa- 
tile intraoperatively than a double-lumen tube be- 
cause there have been no reports showing that appli- 
cation of CPAP to the nonventilated operative lung is 
clinically possible using the Univent system. This 
report shows that it is technically simple and clini- 
cally very efficacious to administer CPAP to the 
operative lung oe 1-LV through the Univent BB 
tube. 
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Figure 1. The schematic shows the operative lun ig aes system 
for the Univent bronchial blocker (BB) used in study. The 
CPAP was measured by a pressure gauge. 


Methods 
In Vitro Lung Model 


We designed our CPAP system for the Univent BB 
using an in vitro lung model so that low O, flow rates 
would yield clinically relevant levels of CPAP. The 
model consisted of a variably compliant test lung 
(range 150-10 mL/cm H,O) that had a known instan- 
taneous volume. The test lung was connected to a 
10-mm ID mainstem bronchus of polyvinylchloride 
tubing. The Univent BB was inserted into the main- 
stem bronchus and its cuff was inflated. The lumen of 
the BB was connected to the CPAP system shown in 
Figure 1. The length and internal diameter of the inlet 
tubing was 90 cm and 3.9 mm, respectively; the 
length and internal diameter of the pop-off tubing 
was 15 cm and 1.5 mm, respectively, and the length 
and the internal diameter of the tubing to the BB was 
60 cm and 3.9 mm, respectively. These three tubes 
were connected by four-way stopcocks (Mallinkrodt 
No. 91046, Glen Falls, N.Y.). The ratio of the inlet to 
the pop-off tubing diameter of the CPAP system was 
2.6. The CPAP system was connected to a standard E 
cylinder; the CPAP level was measured with a pres- 
sure manometer and was directly proportional to the 
O, flow rate. 


In Vivo Patient Studies 


Seven patients (age, 20-75 yr; weight, 50-90 kg; 
height, 150-190 cm), who were variously scheduled 
for thoracotomy for right upper lobectomy (n = 2), 
left lower lobectomy, left transthoracic T9-T10 verte- 
brectomy, left transthoracic T8-T9 corpectomy, drain- 
age of right empyema, and left thoracic sympathec- 
tomy were studied after informed consent had been 
obtained. The patients were anesthetized with intra- 
venous thiamylal (4 mg/kg), fentanyl (10-15 ug/kg 
initial bolus followed by a 2-ug-kg~?-h~’ continuous 
infusion), and isoflurane (0.5%-1.0% in balance O.) 
and paralyzed with a nondepolarizing relaxant. The 
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Univent BB tube was positioned under direct vision 
with a fiberoptic bronchoscope so that the proximal 
surface of the BB cuff was a few (1-5) millimeters 
distal to the tracheal carina. Depth of insertion of the 
BB in this position with respect to the upper gum line 
was noted. Two-lung ventilation tidal volume was 
12 mL/kg, and respiratory rate was adjusted so that 
Paco, = 37 + 6 mm Hg. One-lung ventilation (tidal 
volume was 10 mL/kg and respiratory rate increased 
approximately 30% so that Perco, did not change by 
more than 5 mm Hg in the first 20 min of 1-LV. 
Two-lung ventilation static compliance was calcu- 
lated by dividing tidal volume by plateau inspiratory 
pressure. One-lung ventilation with 10 cm H,O 
CPAP (1-LV + 10 CPAP) with the pressure refer- 
enced to the external pressure manometer) was initi- 
ated (with the device developed in the in vitro model) 
during the deflation phase of an immediately preced- 
ing single tidal volume. The single tidal volume was 
delivered by one 50-psi jet ventilation to the BB 
lumen, and the operative lung within the open 
hemithorax during this inhalation was directly ob- 
served to expand to a degree that the surgical condi- 
tions permitted. The oxygen flow rate required to 
produce 10 cm H,O CPAP was noted. Data during 
1-LV and 1-LV + 10 CPAP were obtained when the 
lung was retracted for surgical exposure and there 
was no surgical interference with the operative lung 
blood vessels (handling, ligation, snare). 

The experimental sequence consisted of measuring 
arterial blood gases, peak inspiratory pressure, blood 
pressure, and heart rate after each 20-min sequential 
period of 2-LV, 1-LV, and 1-LV + 10 CPAP. The first 
experimental period was always 2-LV, the second 
1-LV, and third 1-LV + 10 CPAP; if time and lack of 
surgical interference with operative lung blood ves- 
sels permitted (five patients), the data were collected 
in the reverse order, namely another (the fourth) 
period of 1-LV, a fifth of 1-LV + 10 CPAP, and a sixth 
of 2-LV. Twelve complete 2-LV, 1-LV, 1-LV + 10 
CPAP sequences were obtained in the seven patients. 

Data were analyzed by analysis of variance and 
paired t-test with Bonferroni correction (level of sig- 
nificance was P < 0.05) and are presented as individ- 
ual patient data and as mean + standard deviation 


(SD). 


Results 


The in vitro lung model O, flow-CPAP relationship 
is shown in Figure 2. For a lung compliance of 
150 mL/cm H,O, O, flow rates of 1.6-3.3 L/min 
produced CPAP of 5-20 cm H,O, respectively, and 
for a lung compliance of 10 mL/cm H3O, O, flow rates 
of 2.0-4.1 L/min produced CPAP of 5-20 cm H,O, 
respectively. An O, flow of 2.4 + 0.2 L/min was 
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Figure 2. The oxygen flow rates required to produce various levels 
of CPAP in the in vitro test lung, which had a compliance ranging 
from 10 to 150 mL/cm H,O. All of the in vitro test lung data are 
within the shaded band. The in vivo patient I-LV + 10 CPAP O, 
flow of 2.4 + 0.2 L/min for the seven patients in the study with a 
2-LV compliance of 32 + 4 mL/cm H,O lies well within the in vitro 
band of data. 
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Experimental Steps 


Figure 3. Pao, values for the 12 individual experimental sequences 
. of two-lung ventilation (2-LV), one-lung ventilation (1-LV), and 
one-lung ventilation with 10 cm HO CPAP (1-LV + 10 CPAP). The 
mean + sp Pao, value for each of the three experimental sequence 
steps (2-LV, 1-LV, 1-LV + 10 CPAP) is offset to the right of the 
individual data points. Pao, during 1-LV was significantly less (P < 
0.001) than during both 2-LV and 1-LV + 10 CPAP, but Pao, 
during 2-LV was not significantly different from 1-LV + 10 CPAP. 


required to produce 1-LV + 10 CPAP in our patients 
with a 2-LV compliance of 32 + 4 mL/cm H,O; this O, 
flow rate was well predicted by the in vitro model. 
Figure 3 shows the mean + sp and individual 
sequence Pao, results during 2-LV, 1-LV, and 1-LV + 
10 CPAP (12 complete sequences in seven patients). 
Pao, during 1-LV was significantly decreased com- 
pared with both 2-LV and 1-LV + 10 CPAP (both P < 
0.001), and there was no significant difference in Pao, 
during 2-LV compared with 1-LV + 10 CPAP (P > 
0.2). Unfortunately, 1-LV + 10 CPAP was least effec- 
tive in the patient with the lowest 1-LV Pao,. Paco, 
during 2-LV was 37 + 6 mm Hg, which was signifi- 
cantly less than the 42 + 7 mm Hg and 41 + 6mm Hg 
during 1-LV and 1-LV + 10 CPAP, respectively (P < 
0.03); however, the Paco, during 1-LV compared 
with 1-LV + 10 CPAP were not significantly different. 
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There were no significant differences in blood pres- 
sure and heart rate between 2-LV, 1-LV, and 1-LV + 
10 CPAP. In the five patients in whom two complete 
sequences could be obtained, there was no difference 
between the initial and the repeated sequence with 
respect to any given physiologic variable. The depth 
of insertion of the Univent BB was 29 + 1 cm. 
One-lung ventilation + 10 CPAP did not interfere 
with surgical exposure in five patients, caused slight 
interference in one patient, and moderate interfer- 
ence in one patient. 


Discussion 


We found that applying 10 cm HO CPAP (with 
reference to our external pressure manometer) to the 
operative lung during 1-LV markedly increased Pao3; 
the increase in Pao, was nearly identical to that 
reported with the use of a double-lumen tube (1-10). 
We were able to administer CPAP to the operative 
lung through the lumen of the Univent BB by using 
the same principle of application of operative lung 
CPAP as with a double-lumen tube, namely, that of 
placing a resistance to a variable oxygen flow distal to 
the operative lung. We found that oxygen flow rates 
between 2 and 4 L/min through the pop-off tubing 
produced all clinically relevant levels of operative 
lung CPAP. However, the actual alveolar pressure 
produced by this system may be slightly lower than 
the pressure measured by our gauge because of the 
resistance of the BB tubing. Of course, if one or both 
of the stopcocks or the outlet tubing were partially 
and inadvertently occluded, the CPAP level could be 
much higher than desired and the pressure measured 
by the gauge might be considerably lower than that 
delivered to the lung. As the oxygen flow rate and 
outlet tubing resistance are the primary determinants 
of the level of operative lung CPAP, it is not surpris- 
ing that we found that alteration in lung compliance 
in the in vitro lung model from 10 to 150 mL/cm H,O 
had little effect on the level of CPAP produced. 

The mechanism of oxygenation efficacy depends 
on the amount of CPAP applied. In dogs in the lateral 
decubitus position, it has been shown that low levels 
of CPAP (5-10 cm H,O) to the nonventilated nonde- 
pendent lung greatly increases Pao, and decreases 
shunt, while blood flow to the nonventilated lung 
remains constant (1). Presumably, these levels of 
CPAP do not compress the small intraalveolar vessels 
in the nondependent lung. Thus, it is not surprising 
that we found, as have others (3), that the institution 
of 10 cm H,O nondependent lung CPAP has no 
significant hemodynamic effect. Thus, low levels of 
CPAP simply maintain the patency of nondependent 
lung airways, allowing some oxygen distention of the 
gas-exchanging alveolar space in the nondependent 
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lung without significantly affecting the pulmonary 
vasculature. 

On the other hand, in the same dog study (1), 
15cm H,O nondependent lung CPAP caused 
changes in Pao, and shunt similar to those of 5-10 cm 
H,O nondependent lung CPAP, while blood flow to 
the nonventilated nondependent lung decreased sig- 
nificantly. Therefore, high levels of nonventilated 
lung CPAP improve oxygenation by permitting oxy- 
gen uptake in the nonventilated lung as well as by 
causing blood flow diversion to the ventilated lung 
where oxygen and carbon dioxide exchange can take 
place. As low levels of nonventilated lung CPAP are 
as efficacious as high levels of nonventilated lung 
CPAP and have less surgical interference and hemo- 
dynamic implications, it is logical to first use low 
levels of nonventilated lung CPAP. 

We found that when tidal volume was decreased 
from 12 to 10 mL/kg and respiratory rate was initially 
increased by 30% in changing from 2-LV to 1-LV, 
there was a small but statistically significant 5 mm Hg 
increase in Paco,. It seems reasonable to postulate 
that if tidal volume is decreased by 18% in changing 
from 2-LV to 1-LV, an increase in respiratory rate of 
35% 40% will result in a nearly constant Paco,. 

We found that when the cephalad surface of the 
BB was situated just below the tracheal carina, the 
depth of insertion was 29 + 1 cm (to the upper gum 
line). This is in excellent agreement with a large study 
that examined the depth of insertion of double-lumen 
tubes where the end point for insertion for the 
double-lumen tube was when the cephalad surface of 
endobronchial cuff was just below the tracheal carina 
(15). This position is important for both the double- 
lumen tube and the Univent BB because it means that 
when CPAP is applied to the operative lung (the 
blocked lung), the CPAP will probably be applied to 
all of the operative lung (including the upper lobe). 
The fact that Pao, during 1-LV + 10 CPAP was nearly 
equal to the Pao, during 2-LV implies that we were 
able to distend the upper lobes of the blocked lung 


with the operative lung CPAP. 


In comparison with a double-lumen tube, the 
Univent BB has several advantages and disadvan- 
tages. The advantages include easier insertion and 
positioning, no need for changing the tube to a 
single-lumen tube if postoperative mechanical venti- 
lation is needed, and as with a double-lumen tube, 
hypoxemia during 1-LV can be treated with operative 
lung CPAP. With respect to ease of insertion, this is 
equivalent to a standard single-lumen tube and with 
respect to ease of positioning, it is easy to maintain 
ventilation around a bronchoscope while the right 
and left mainstem bronchi are identified and the BB is 
observed to enter the appropriate mainstem bron- 
chus. The other two advantages are self-explanatory. 
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The disadvantages consist of very slow inflation 
and deflation of the operative lung through the small 
BB lumen, relatively easy blockage of BB lumen by 
fluids (secretions, pus, blood) from the operative 
lung making CPAP ineffective/unpredictable, the 
need to inflate the BB cuff with a relatively large seal 
volume of air (usually 4-7 mL) that is much greater 
than the volume of air required to distend the cuff to 
its natural shape (2-3 mL), and the very large outside 
diameter of the Univent BB tube (for internal diame- 
ters of 7.0, 8.0, and 9.0 mm the external diameters are 
10.5, 11.5, and 12.5 mm, respectively). With respect 
to inflation of the lung, jet ventilation with a 50-psi 
source is very effective and quick, but it is absolutely 
mandatory that the anesthesiologist use a very short 
inspiratory time (0.5 s or less) and directly observe 
the expansion of the ventilated lung because with the 
chest wall open the lung inflates extremely quickly 
and the lung can easily be overdistended and trau- 
matized. The relatively large volume of air required to 
obtain a BB cuff seal may cause the cuff to make 
contact with the bronchial wall over a very small 
surface area and with very high pressure. As the area 
of contact is probably small, the Univent BB may be 
susceptible to leaking, especially when the mainstem 
bronchus is distorted by surgical manipulation, and 
to backing out, especially when distal traction is 
exerted on the tracheobronchial tree (16). The remain- 
ing two disadvantages are self-explanatory. 

We have shown that it is technically simple and 
clinically very efficacious to apply CPAP to the oper- 
ative lung with a Univent BB tube. Thus, with oper- 
ative lung CPAP capability, the versatility of the 
Univent BB tube is increased toward that of a double- 
lumen tube. As the Univent BB tube may be easier to 
insert and correctly position compared to a double- 
lumen tube and the hypoxemia produced by 1-LV can 
be effectively treated with operative lung CPAP, the 
Univent BB tube may be used with greater frequency 
and confidence in the future. 
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This study quantitated the force applied during tra- 
cheal intubation to determine (a) whether the force 
differed among novice and experienced intubators, 
and (b) whether the force required differed when 
intubating patients’ tracheas versus intubating the 
trachea oa commonly used training mannequin. We 
studied 27 tracheal intubations performed by 17 ex- 
perienced (>100 prior intubations) and 10 novice 
(<10 prior intubations) intubators. Each intubation 
was performed with a No. 3 Macintosh blade instru- 
mented with strain gauges to determine force applied 
in the sagittal plane. The mean force applied was 
24.6 + 2.9 N (mean + sEm) and the maximum force 
applied by each intubator was 47.6 + 3.8 N. There 
was no difference between groups in the mean force 
applied (28.8 + 6.1 N for the novice group vs 22.3 + 
2.7 N for the experienced group, P = 0.27) nor in the 
maximum force applied (55.1 + 6.5 N for the novice 
group vs 43.2 + 4.7 N for the experienced group, P = 


ot been quantitated. Such data might be useful 
in training, in design of intubation models, and in 
assessing the potential for injury after intubation (1). 
Beginners often struggle with a laryngoscopy, at 
times expending great effort and at other times using 
inadequate force. We believed that biomechanical anal- 
ysis of the force applied during tracheal intubation 
could lead to better feedback during teaching. Further- 
more, we believed that analysis of the applied force 
could be used to create specifications for an intubation 
mannequin. The study reported here examined the 
force applied to the oropharyngeal tissues by the laryn- 
goscope blade during intubation of the trachea. 


e force applied during tracheal intubation has 
n 


Methods 


We studied a total of 27 tracheal intubations in 
patients, performed by 17 experienced (>100 prior 
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0.08). The only difference was in the impulse (force X 
duration), which was more for the novice group largely 
because of the longer average duration of intubation 
(40 + 12 s vs 19 + 4s, P = 0.06). Among experienced 
intubators, we found that applied force correlated with 
patient weight and Mallampati class. Intubation of the 
Laerdal Airway Management Trainer required mean 
forces comparable to those required in patients (26.6 + 
2.5 N vs 22.3 + 2.9 N), although the maximum force 
applied during the intubation effort was greater (58.3 + 
4.7 N vs 43.2 + 4.7 N, P < 0.05). We conclude that force 
applied during intubation of the trachea is easily quan- 
tified but is not clearly different between novice and 
experienced operators. However, a device such as we 
used can distinguish excessive or inadequate force. We 


also su that future airway models may need to be 
modified to reflect the forces actually required in pa- 
tients. 


(Anesth Analg 1992;74:411-4) 


intubations) and 10 novice (<10 previous intubations) 
staff members. Experienced intubators included an- 
esthesiology attending staff, senior residents, and 
nurse anesthetists. Inexperienced intubators in- 
cluded paramedic students (n = 4), medical students 
(n = 3), and residents specializing in fields other than 
anesthesiology (n = 3). 

This study was approved by the Human Subjects 
Review Board of the University of Washington, and 
all patients consented in writing to participate. Each 
patient was examined by one of the authors, and a 
classification of the airway was noted according to the 
model of Mallampati et al. (2). Only intubations done 
after the intravenous administration of a muscle 
relaxant were studied. The operators were instructed 
to follow their normal procedures (or, in the case of 
novices, the procedures advised by their trainer). 

We used a No. 3 Macintosh laryngoscope blade 
and handle (Penlon Ltd.) instrumented with strain 
gauges (CEA-13-125UW-120, Micromeasurements, 
Raleigh, N.C.). The strain gauges were located on the 
top and bottom surfaces of the end of the blade 3 cm 
from the handle. This arrangement permitted the 
sensing of bending of the blade, due to a force acting 
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Figure 1. Comparisons of duration, impulse, and mean and max- 
imum force for novice versus experienced intubators. The units are 
seconds for duration, newtons X seconds for impulse, and new- 
tons for mean and maximum force. E and N denote experienced 
versus novice intubators. Each point represents one intubation. 


at the tip creating a cantilever moment. The instru- 
ment measures the magnitude of the force in the 
sagittal plane but does not measure the angle of the 
vector. The gauges were configured in a half- 
Wheatstone bridge to be self-temperature compensat- 
ing. The signal was amplified (model 2301 Micromea- 
surements) and recorded at 50 Hz using an analog- 
to-digital convertor and a microcomputer. Recording 
began when force was first applied to the blade of the 
laryngoscope and ended when a stable baseline was 
again reached as the instrument was removed from 
the mouth. 

Data analysis included noting the duration of the 
intubation attempt, the maximum force achieved, the 
mean force used, and the impulse defined as the 
integral of the force over the time interval during 
which the force acts. Eleven of the experienced oper- 
ators also intubated a mannequin (Laerdal Airway 
Management Trainer) and the same data observa- 
tions were performed. Data are reported as mean + 
SEM. Data were analyzed using Student's t-test for 
unpaired data and the Pearson correlation coefficient. 
We excluded from analysis intubations that resulted 
in force being applied to the upper teeth (the lower 
side of the blade) as this resulted in compression of 
the strain gauges and invalid readings. Force is 
expressed in newtons (N) (1 N = 1 kg-m-s~%). 


Results 


The mean applied force during tracheal intubation 
was 24.6 + 2.9 N, with an average maximum of 
47.6 + 3.8 N. The novice group did not differ from the 
experienced group in either mean force or maximum 
force applied (Figure 1) (mean of 28.8 + 6.1 N for the 
novice group vs 22.3 + 2.7 N for the experienced 
group, P = 0.27 and maximum of 55.1 + 6.5 N for the 
novice group vs 43.2 + 4.7 N for the experienced 
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Figure 2. Mean and maximum force as a function of weight and 
maximum force as a function of duration. Graphs are for experi- 
enced intubators only. Each point represents one intubation. 
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Figure 3. Mean force applied by intubators as a function of 
Mallampati grade. Each point represents one intubation. Closed 
circles represent experienced intubators and open circles represent 
novice intubators. 


group, P = 0.08). The impulse was significantly more 
for the novice group, but this was largely accounted 
for by a longer average duration of intubation (40 + 
12 s vs 19 + 4 s, P = 0.06). 

We found that mean but not maximum applied 
force correlated with patient weight among the expe- 
rienced group (Figure 2). Maximum force correlated 
only with the duration of intubation (Figure 2). There 
was a trend toward a negative correlation of age with 
maximum force required (r = —0.32, P = 0.07). A 38% 
greater force was required in patients of Mallampati 
class 2 compared with Mallampati class 1 (P < 0.05) 
(Figure 3). 

Intubation of the mannequin’s trachea by experi- 
enced intubators resulted in a maximum force of 
58.3 + 4.7 N for the mannequin vs 43.2 + 4.7 N for 
the patients (P < 0.05) (Figure 4). Mean force, how- 
ever, did not differ (26.6 + 2.5 N vs 22.3 + 2.9 N). 


Discussion 


Measurements of force applied during laryngoscopy 
have not been described. A previous account of such 
a device (3) stated that the measurements of force had 
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Figure 4. Comparison of mean and maximum force applied by 
experienced intubators in mannequins and in patients. Each point 
represents one intubation. 


been instructive to trainees. However, that report de- 
scribed the device but did not include any data, and no 
further experience has been published. An abstract 
published in 1982 noted that a “pressure” of 4 kg has 
been measured (4). No complete report could be found 
of that study. Kilograms are actually a measure of mass, 
but we can assume this represents a force of 39 N, 
comparable to the forces we measured. (Force = mass 
x acceleration. Acceleration = gravity = 9.8 m-s~*. 
Thus, 4 kg x 9.8 m-s~* = 39 kge-m-s-* = 39 N.) 

Based on the data obtained, the force applied 
along the sagittal axis by the blade of a laryngoscope 
by trainees was generally in the same range as that of 
experienced clinicians. However, in two cases (Figure 
1) mean force by novice intubators was more than 
two standard deviations above the mean for experi- 
enced intubators. Force measurements might be use- 
ful in providing immediate feedback to trainees in 
such cases as an indication that other factors such as 
head position or force vector might need modifica- 
tion. We also noted that several novice intubators 
initially applied no measurable force. This does not 
appear in the data as their supervisors then encour- 
aged the use of more force to accomplish the intuba- 
tion, but direct feedback could also have been of 
value in these cases. 

Had we studied a larger number of intubations, it 
is possible that the trends toward greater maximum 
and mean force by the novice group might have 
become statistically significant. However, because of 
the large overlap between the novice and experienced 
groups, applied force was not a clear distinguishing 
variable between the two groups. The major value of 
an instrumented laryngoscope would thus be in 
identifying outliers. 

The limiting factor in force applied may well be the 
weight of the head. Head weight averages 7% of body 
weight, or approximately 50 N in a 70-kg (686 N) person 
(5). Assuming a relatively flexible cervical spine, the 
maximum force that could be applied vertically would 
be equal to the weight of the head. 
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Among the experienced intubators, we found that 
patient weight correlated significantly with the force 
applied. However, the correlation coefficient of 0.50 
demonstrated that the force used is multifactorial. 
This correlation may in part be due to increased head 
weight as body weight increases but might also be 
due to the need to compress soft tissues. 

We also found that patients of Mallampati class 2, 
signifying a 0.66 probability of a “difficult airway” (2), 
required a 38% higher average force. However, in 
this study the Mallampati class was highly correlated 
with weight and thus may not provide an indepen- 
dent predictor of force required. 

The trend toward less force required with advanc- 
ing age was independent of weight and may be 
attributable to greater laxity of muscle and tendons 
with advancing age. 

Intubation of the widely used Laerdal mannequin 
trainer required a greater maximum but not mean 
force. This may reflect the characteristics of the plastic 
used for the mannequin’s tongue. The stiff plastic 
required a greater force to deform it initially and 
move it out of the way during intubation but no 
greater force to hold it out of the way. The greater 
maximum force used was reflected in the subjective 
comments of the intubators that the mannequin was 
more difficult to intubate than is the average patient. 
Thus, a more pliable plastic might better approximate 
the actual feel of a patient. 

Our data describe the scalar magnitude but not the 
direction of the force. The magnitude of force is just 
one of the components of tracheal intubation, along 
with head positioning and force vector direction. 
During instruction, head positioning and direction of 
force are observable to a trainer, whereas magnitude 
is not. An instrumented laryngoscope could provide 
the trainer and the trainee with more information to 
improve performance. Based on our data, this would 
be useful in the fraction of attempted intubations 
where the applied force deviates markedly from the 
norm. Our findings provide further support for the 
use of the Mallampati classification and/or weight in 
predicting intubation difficulty, as the classification 
was predictive of intubations requiring greater effort. 
We were surprised to find that the measurements in 
the mannequin did not differ more from those in the 
patients, given many subjective comments on the 
differences in “feel.” It is possible that much of the 
subjective difference is attributable to the greater 
maximum force required, raising the possibility that 
improved materials might improve simulation. 

We conclude that the instrumented laryngoscope 
we describe can be used to identify applied force 
during intubation, but that applied force is not a 
major distinguishing characteristic among novice op- 
erators. We also conclude that substantially greater 
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force is required to intubate the airway mannequin 
than is required for the average patient. 
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Accuracy of the FEF CO, Detector in the Assessment of 


Endotracheal Tube Placement 
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The sensitivity and reliability of the FEF end-tidal 
CO, detector were investigated for its suitability in 
the assessment of correct placement of an endotra- 
cheal tube. Sensitivity was determined by having 
eight blinded volunteers observe the color change in 
the FEF detector with the administration of different 
volumes and varying CO, concentrations of gas mix- 
ture. The color change in the FEF detector was also 
assessed during esophageal ventilations before and 
after administration of carbonated beverage into the 
stomach of swine and during cardiopulmonary resus- 
citation in swine. An interpersonal variation was 
present among the blinded observers during the 
color-matching process. Different colors were ob- 


nidentified esophageal intubation remains a 
major cause of avoidable morbidity and mor- 
tality in anesthesia (1,2). Of the available 
methods of detecting esophageal intubation, the 
presence of carbon dioxide (CO,) in the expired gas is 
probably the most convenient and reliable (3). One 
drawback of capnography is that it requires electronic 
equipment like the infrared monitor or the mass 
spectrometer to measure and display the waveform 
of CO, present in the expired gas. This problem may 
be overcome by using the newly introduced FEF CO, 
detector (Fenem, New York, N.Y.), a small dispos- 
able device totally devoid of electronics. It has a 
nontoxic chemical indicator strip that responds 
quickly to exhaled CO, by a reversible color change in 
a semiquantitative fashion when placed between the 
endotracheal tube and a breathing circuit. The color 
change is divided into three ranges: purple hue color 
is in the “A” range and represents 0.03% to <0.5% 
end-tidal CO,. The “B” range is a continuance of tan 
hues representing 0.5% to <2% end-tidal CO, and 
the “C” range is a range of yellow hues that repre- 
sents the approximately 2% to 5% end-tidal CO,. 
The performance of any device is best verified with 
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served with the same volume and CO, concentration 
of gas mixture. During esophageal ventilations before 
or after the administration of carbonated beverage, 
the FEF detector was neither accurate nor rapid in 
identifying esophageal placement of the endotracheal 
tube. The “C” color was displayed during the initial 
six ventilations in one swine, and esophageal intuba- 
tion would have been missed. The FEF detector could 
(by displaying a “C” color) identify one of six cor- 
rectly intubated swine during cardiopulmonary re- 
suscitation. In conclusion, the FEF CO, detector does 
not have the characteristics to reliably assess the 
correct placement of an endotracheal tube. 

(Anesth Analg 1992;74:415-9) 


conditions simulating the worst scenario during 
which it might be used. Satisfactory performance 
under those conditions will establish the reliability 
and dependability of the device in everyday practice. 
Although the reliability of the FEF CO, detector has 
been investigated under normal circumstances, its 
performance under adverse conditions has not yet 
been determined (4-7). The two clinical situations 
during which a capnometer may have difficulty as- 
sessing correct endotracheal tube placement are those 
of cardiopulmonary resuscitation (CPR) and acciden- 
tal esophageal intubation after ingestion of carbon- 
ated beverages (8,9). 

The purpose of this study was to determine (a) the 
sensitivity of the FEF detector and (b) its accuracy in 
assessing correct placement of the endotracheal tube 
during cardiopulmonary resuscitation and esopha- 
geal intubation after ingestion of a carbonated bever- 
age. 


Methods 


Five concentrations (0.5%-2.5%) of CO, in oxygen were 
mixed in a 20-L Douglas bag. The precalibrated Beck- 
man LB Il infrared CO, monitor was connected to the 
Douglas bag to check the CO, concentration. Using a 
combination of syringes, volumes of 40-1000 mL of the 
five concentrations of CO, were injected in 1-2 s 
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through the FEF detector in a random fashion with a 
new detector used for each CO, concentration. Eight 
volunteers (with no history of color blindness and no 
prior training), blinded to the concentration of CO, and 
volume of gas injected, were asked to match the color 
change of the indicator with the color chart provided by 
the manufacturer. After every color match, the FEF 
detector was flushed with 1.0 L of atmospheric air to 
restore the original color. 

With approval of the institutional animal investi- 
gation committee, anesthesia was induced in six 
Yorkshire swine with ketamine (15-20 mg/kg IM). 
After loss of consciousness, anesthesia was main- 
tained with pentobarbital (20 mg-kg~*-h7~’ IV) and a 
7.0-mm endotracheal tube was placed through a 
tracheostomy. The animals were mechanically venti- 
lated with a gas mixture of 30% oxygen in nitrogen 
and a tidal volume of 15 mL/kg at a rate to maintain 
normocarbia. 

Monitors were placed to record the following: 
continuous electrocardiogram, mean systemic arterial 
pressure via a catheter in the carotid artery, end- 
expired CO, from the sample port attached to the 
endotracheal tube connector (Beckman LB II, and the 
color of the FEF CO, detector placed between the 
endotracheal tube and the breathing circuit. After 
recording the end-expired CQ, and the color ob- 
tained with the FEF CO, detector during tracheal 
ventilation, the ventilator was switched to another 
7.0-mm endotracheal tube placed in the esophagus 
through the mouth. End-expired CO, levels and FEF 
detector color changes were again recorded with six 
esophageal ventilations. The ventilator was recon- 
nected to the tracheal tube, and the stomach was 
suctioned with a gastric tube passed through the 
esophageal tube. One hundred fifty milliliters of 
carbonated beverage (Diet Coke, Coca-Cola Bottling 
Company) at 2°C was then administered into the 
stomach through the gastric tube. Six more esopha- 
geal ventilations were administered after removal of 
the gastric tube, and end-expired CO, levels and FEF 
detector color change were recorded. The stomach 
was again suctioned, and the esophageal tube was 
removed. 

Ventricular fibrillation was induced with 20 mL of 
concentrated KCI IV, and chest compression was 
started at a rate of 70-80 compressions per minute 
with the same setting on the ventilator. In swine 6, 
CPR was started 15 min after the onset of ventricular 
fibrillation. Adequacy of CPR was assessed by main- 
taining a minimum mean arterial pressure in the 
range of 30-35 mm Hg. End-expired CO, and color 
change in the FEF CO, detector were recorded con- 
tinuously before and during CPR. 

Statistical analysis was performed using a logistic 
regression. This model examines the relation be- 
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tween the color range observed and CO, concentra- 
tion and volume (log volume was used for analysis). 
P < 0.05 was considered statistically significant. 


Results 


The color-matching process was not straightforward. 
The problem encountered was that the FEF detector 
color after injection of gas did not precisely match the 
A, B, or C color chart. When this occurred the 
observers selected from the chart whatever they 
thought was closest to the FEF detector color. An 
interpersonal variation was evident throughout the 
color-matching process. There was a difference in 
color range observed among the observers for the 
same volume and CO, concentration of gas mixture 
across the whole spectrum of volumes and CO, 
concentrations. 

With a CO, concentration between 0.5% and 1.5%, 
the observers matched the A, B, and C color range 
with a frequency of 10%, 74%, and 16%, respectively 
(Table 1). The proportion of color-matched A, B, and 
C changed to 0%, 36%, and 64% with CO, concen- 
tration between 2.0% and 2.5%. 

The color of FEF detector was influenced by vol- 
ume and CO, concentration of gas injected (Table 1). 
The following results were reached using a logistic 
regression analysis. For a given CO, concentration, 
the observers chose a lower color range (A over B and 
C or A and B over C) 8.38 times more frequently at a 
low volume than at a volume 1 log volume higher 
(P < 0.0001). A lower color range was selected 22.46 
times more often at a low CO, concentration than at 
a CO, concentration 1% higher (P < 0.0001). There 


was no significant interaction between volume and 


CO, concentration (P = 0.4916). 

End-expired CO, concentrations and the FEF indi- 
cator color did not follow any definite pattern with 
the six esophageal ventilations, either before or after 
the administration of carbonated beverage, and they 
remained constant during all six tracheal ventilations 
both before and during CPR (Table 2). The mean CO, 
concentrations observed with esophageal ventilation 
before and after the administration of carbonated 
beverage were 0.3% + 0.2% (mean + sp) and 1.3% + 
1.5%, respectively. Before ventricular fibrillation, 
CO, concentrations of 4.9% + 0.9%, which decreased 
to 1.1% + 0.6% during CPR, were obtained with 
tracheal ventilations. 

With esophageal ventilations (Table 2), the A color 
range (CO, range of 0%-0.7%) was observed in swine 
1, 3, 4, and 6. In swine 1, 3, and 6, it changed to B 
after the third ventilation without a significant in- 
crease in end-expired CO, concentration. Esophageal 
ventilations produced a B color range in swine 2 
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Table 1. Variation in Color Selection Among Eight Volunteers With the FEF End-Tidal CO, Detector at Different 


Volumes and Concentrations of CO, 


0.5% 1.0% 
Volume 

(mL) A B C A B C 
40 7 1 0 4 4 0 
50 3 5 0 0 8 0 
75 2 6 0 0 8 0 
100 5 3 0 0 8 0 
125 1 7 0 0 8 0 
150 1 7 0 0 7 1 
175 6 2 0 1 7 0 
200 2 6 0 0 8 0 
300 - 0 8 0 0 8 0 
400 2 6 0 1 7 0 
500 0 8 0 0 7 1 
600 1 7 0 0 7 1 
700 0 8 0 0 8 0 
800 2 6 0 0 8 0 
900 0 8 0 0 8 0 
1000 0 8 0 0 7 1 


A, B, C, color ranges. 


OQaooooqocoocooococoooo0o°co!] > 


CO, 

1.5% 2.0% 2.5% 
B C A B c A B C 
8 0 1 5 2 0 6 2 
6 2 0 5 3 0 0 8 
7 1 0 5 3 0 3 5 
8 0 0 6 2 0 4 4 
7 1 0 5 3 0 1 7 
6 2 0 4 4 0 0 8 
8 0 0 7 1 0 8 0 
4 4 0 4 4 0 0 8 
3 5 0 3 5 0 0 8 
8 0 0 7 1 0 5 3 
2 6 0 3 5 0 0 8 
2 6 0 3 5 0 0 8 
3 5 0 3 5 0 0 8 
4 4 0 3 5 0 1 7 
3 5 0 1 7 0 0 8 
3 5 0 2 6 0 0 8 


Table 2. End-Tidal CO, Level and Color of FEF End-Tidal CO, Detector Observed With Esophageal Ventilation Before 
and After Administration of Carbonated Beverage (Diet Coke, Coca Cola Bottling Co.) and With Tracheal Ventilation 


Before and During Cardiopulmonary Resuscitation 


Esophageal Tracheal 
Before Coke With Coke Before CPR CPR 
ET CO, Color ET CO, Color ET CO, Color ET CO, Color 
Swine Ventilation (%) range (%) range (%) range (%) range 
1 Ist 0.3 A 0 A 4,3 C 1.0 B 
3rd 0.7 A 0.1 B 4.2 C 1.3 B 
6th 0.3 B 1.0 C 4.2 C 1.3 B 
2 1st 0.5 B 5.3 C 5.8 B 1.7 C 
3rd 0.4 B 4.0 C 5.7 C 1.8 C 
6th 0.3 B 3.4 C 5.7 C 1.8 C 
3 Ist 0.3 A 0.1 A 4.4 B 0.5 B 
3rd 0.2 A 0.3 B 4.5 C 0.5 B 
6th 0.1 B 0.1 B 4.5 C 0.5 B 
4 1st | 0 A 0 A 4.2 C 1.3 B 
3rd 0 A 0 A 4.3 C 1.3 B 
6th 0 A 0 A 4.3 C 1.3 B 
5 ist 0.8 C 1.9 C 4.1 C 1.3 B 
3rd 0.6 B 1.2 © 4.1 C 1.1 B 
6th 0.3 B 0.8 B 4.1 C 1.1 B 
6 lst 0.1 A 25 B 6.2 C 0 A 
3rd 0.3 A 2.0 C 6.3 C 0 A 
6th 0.2 B 1.8 C 6.5 C 0 A 


during all six breaths and a C color range, which 
changed to B after the second ventilation, in swine 5. 

The color range observed with esophageal ventila- 
tion was A in swine 1, 3, and 4 (CO, range of 
0%-1.2%), after the administration of 150 mL of 
carbonated beverage, and it changed to B and C in 


swine 1 and 3 during the following ventilations (Table 
2). A C color was initially observed in swine 2 and 5 
(CO, range of 0.8%-5.3%), and in swine 5 the color 
changed to B after the third breath. In swine 6, the 
FEF detector started with color B and changed to C 
after the first breath. 
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The color range recorded with tracheal intubation 
was C in all six swine except during two ventilations 
(CO, range of 4.2%-6.5%) before the induction of 
ventricular fibrillation (Table 2). The color range ob- 
served during CPR was B in swine 1, 3, 4, and 5 (CO, 
range of 0.8%-1.6%) and C in swine 2 (CO, range of 
1.7%-1.8%). Cardiopulmonary resuscitation was 
started 15 min after the onset of ventricular fibrilla- 
tion in swine 6, and the FEF color detector displayed 
the A color (CO, level of 0%) during all six ventila- 
tions. 


Discussion 


The two most important characteristics of an ideal 
monitor in assessing proper placement of an endo- 
tracheal tube are that it should be (a) fail-safe and 
(b) able to determine the exact position of the endo- 
tracheal tube rapidly. These two criteria are necessary 
because of the disastrous consequences associated 
with unidentified esophageal intubation, which still 
occurs despite the numerous methods of assessing 
correct placement of endotracheal tubes (3,10). Un- 
identified esophageal intubation was the most fre- 
quent cause of morbidity and mortality in the practice 
of anesthesia in the last 4 yr (1,2). The 76 deaths and 
18 cases of brain and/or other damage, reported in the 
ASA closed claims study, attributed to esophageal 
intubation could have been avoided if an ideal mon- 
itor had been available (2). 

Accurate and consistent color interpretation is cen- 
tral to the successful use of the FEF CO, detector. 
Wrong color interpretation, for example C (endotra- 
cheal tube in trachea, according to manufacturer) 
instead of A (endotracheal tube in esophagus), may 
be potentially life-threatening to the patient, espe- 
cially when the vocal cords cannot be visualized. The 
manufacturer of the FEF CO, detector claims that the 
Band C color ranges represent a CO, range of 0.5% to 
<2% and 2%-5%, respectively. This study indicated 
that the B color was only matched with a frequency of 
77% and A and C colors were chosen at a rate of 10% 
and 13%, respectively, with a CO, concentration 
range of 0.5% to <2.0%. At a CO, concentration 
between 2.0% and 2.5%, our blinded observers se- 
lected the color range A, B, and C with a frequency of 
0%, 37%, and 63%, respectively. This discrepancy 
could be explained by the interpersonal variation in 
the color-matching process among the blinded ob- 
servers. There was probably a subjective factor in- 
volved when they had to choose between color range 
A, B, and C whenever the color of the FEF indicator 
did not exactly match A, B, or C. It is possible that an 
intrapersonal variation also exists. This was not ad- 
dressed because demonstrating its existence would 
not affect the conclusions of this study. 


ANESTH ANALG 
1992;74:415-9 


During esophageal ventilations with or without 
carbonated beverage in the stomach, a C color range 
was observed with more than one breath on four 
occasions. If one was totally dependent on the FEF 
detector to assess correct placement of the endotra- 
cheal tube, accidental esophageal intubations would 
probably have been missed during the initial six 
ventilations. 

During CPR, the FEF detector correctly indicated 
only one (swine 2) of six properly intubated swine by 
displaying the C color. The B color, observed during 
the six tracheal ventilations in four swine (time taken 
~30 s), is the “grey” area and indicates either a low 
cardiac output or a possible esophageal intubation. 
The recommendation from the manufacturer’s algo- 
rithm is to administer another six ventilations (anoth- 
er 30 s) and to watch for any color change. If the color 
is still in the B range, one must then ascertain the 
correct placement of the endotracheal tube by some 
other means. This situation may not be common. 
Unfortunately, it happens and it represents a major 
disadvantage for the FEF detector because it is in 
those difficult situations that one needs a fail-safe 
method of determining correct placement of the en- 
dotracheal tube. During a worst case scenario, the 
vocal cords may not be visible, breath sounds are not 
easily audible, and a bronchoscope and/or a portable 
capnographic analyzer is not immediately available 
during resuscitation of a patient in cardiac arrest on 
the ward. Precious time (approximately 60 s) could be 
wasted in trying to determine endotracheal tube 
placement with the FEF detector, and this could have 
an influence on the outcome of resuscitation. Once 
placement of the endotracheal tube is correctly deter- 
mined, the FEF might be useful in assessing the 
adequacy of CPR. 

The main advantage of the FEF detector is that it is 
a portable semiquantitative capnometer devoid of 
electronics and, apart from the problem of color 
perception, has most of the attributes of a nonport- 
able capnometer. It may be useful to monitor venti- 
lation during patient transport provided one assumes 
the endotracheal tube does not slip into the esopha- 
gus. It has a few disadvantages. It cannot provide, 
from the color change observed, a display of CO, 
waveform, which sometimes is the first hint of an 
esophageal intubation. Although a normal CO, 
waveform observed during expiration is no guarantee 
that the endotracheal tube is correctly placed, an 
abnormal waveform may be the first indication of 
esophageal intubation. Its performance in detecting 
CO, level semiquantitatively was not satisfactory 
because of the interpersonal variation in color match- 
ing among observers. Most importantly, it could not 
detect an esophageal intubation nor confirm correct 
intubation under adverse conditions. 
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To conclude, our results suggest the FEF detector 
does not satisfy the criteria required of a monitor for 
assessing accurately and rapidly correct placement of 
the endotracheal tube. It does not have the attributes 
of capnography and cannot be relied on when the 
vocal cords are not visible during laryngoscopy. 
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Mivacurium: Dose-Response Relationship and 
Administration by Repeated Injection or Infusion 


Christoph Diefenbach, Mp, Hermann Mellinghoff, MD, John Lynch, MD, FFARCSI, and 


Walter Buzello, MD 


University Department of Anesthesiology, Koeln, Germany 


The dose-response relationship and neuromuscular 
blockade after infusion or repeated injection of miva- 
curium were studied in 65 patients in nitrous oxide- 
narcotic anesthesia. The ED,, (twitch tension) was 
determined in 45 patients by intravenous injection of 
a single bolus of 30, 39, 47, 54, or 60 ug/kg (9 patients 
Pe dose). Another 20 patients received an initial 

olus of 2 X ED, followed either by an infusion 
started at 5%. twitch recovery (i.e., 95% depression) 
and adjusted to sustain 95% twitch depression (n = 
10) or by repeated injection of 0.6 X ED,; whenever 
twitch tension had recovered to 25% of control (n = 
10). Five patients in each of these two groups re- 


ivacurium is a new, short-acting, nondepo- 

larizing muscle relaxant of the benzylisoqui- 

noline type. It has a short duration of action 
that has been attributed to rapid breakdown by 
plasma cholinesterase (1,2). It has been used for 
sustained muscle relaxation during long surgical pro- 
cedures as either repeated bolus injection or contin- 
uous infusion (2-6). Yet, none of these studies has 
directly compared both techniques of administration 
with respect to their mivacurium requirements and 
the characteristics of the recovery of neuromuscular 
transmission. It was the purpose of this study to 
provide such information based on a predetermined 
dose-response relationship. 


Method 


After approval of the study by the hospital ethical 
committee had been obtained, 65 adult patients 
scheduled for maxillofacial interventions of an antic- 
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ceived 7 ug/kg of neostigmine at 25% twitch recovery, 
and the others recovered twitch tension spontane- 
ously. The mean EDs was 73 pg/kg. A 2 xX EDos 
bolus was followed by complete twitch depression 
within 2.2 + 0.7 min. The mean infusion rate resulted 
in 6 + 2 pg-kg™ ~!. The ensuing recovery 
index was 6 + 3 min. A 6 + 2 min recovery index was 
found after up to 10 repeat injections given every 9 + 
3 min. There was no significant effect of neostigmine 
in both groups. In conclusion, the recovery indices 
after the infusion or repeat injection of near-equal 
doses of mivacurium were identical. 

(Anesth Analg 1992;74:420-3) 


ipated duration of at least 2 h gave written informed 
consent to participate in the study. Inclusion criteria 
were age 18-70 yr, body weight 45-110 kg, ASA 
grades I-II, and serum plasma cholinesterase activity 
of at least 2.9 U/L. Women of childbearing potential 
were excluded, as were those patients with neuro- 
muscular, hepatic, or renal disease or those taking 
medication known to interact with neuromuscular 
blocking drugs. 

All patients were premedicated with fluni- 
trazepam (1-2 mg) and hyoscine (0.5 mg) adminis- 
tered orally 1 h before induction of anesthesia. Anes- 
thesia was induced intravenously with midazolam 
(70 pg/kg), fentanyl (5-6 pg/kg), and etomidate 
(200-300 ug/kg) followed by nasotracheal intubation 
without the use of a muscle relaxant. Anesthesia was 
maintained with 70% nitrous oxide in oxygen in a 
rebreathing circuit with mechanical ventilation ad- 
justed for 4.5-5.5 vol% end-tidal carbon dioxide con- 
centration. No halogenated inhaled anesthetics were 
used. Increments of fentanyl (0.05-0.1 mg) and mi- 
dazolam (1-2 mg) were administered intravenously 
as seemed necessary on clinical grounds. Neuromus- 
cular transmission was monitored by recording the 
evoked twitch tension of the left adductor pollicis 
muscle in response to supramaximal train-of-four 
stimulation (2 Hz every 15 s) of the ulnar nerve at the 
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wrist via surface electrodes. Details of the recording 
system were described previously (7,8). Both anes- 
thesia and the recording system were allowed to stabi- 
lize for at least 10 min until mivacurium was injected. 
For the dose-response study, the first 45 patients were 
randomly allocated to five subgroups of nine patients to 
receive a single intravenous dose of mivacurium of 30, 
39, 47, 54, or 60 ug/kg. A dose-response curve was then 
established by regression analysis of the log dose and 
the probit of the resulting twitch depression (9). Re- 
sponses of 0% twitch depression (T1) were assigned 
values of 1%. The EDs, EDys, and ED, were calculated 
from the regression line. Twice the resulting mean EDgs 
was administered to the remaining 20 patients as an 
intravenous loading dose injected into a fast-running 
infusion over 5 s. After random allocation to two 
subgroups of 10 patients, neuromuscular blockade was 
maintained either (a) by increments of mivacurium 
(0.6 x EDəs) injected intravenously whenever the first 
twitch response of a train-of-four (T1) had returned to 
25% or (b) by an infusion of mivacurium that was 
begun when T1 had attained 5% of its control value. 
The mivacurium infusion was started at a rate of 
10 wg-kg~*-min™* and was adjusted every 3 min for 
95% + 5% depression of twitch tension (T1). After the 
last maintenance injection of mivacurium or after dis- 
continuing the infusion, five patients in each group 
received 7 uwg/kg of neostigmine intravenously when 
Ti had recovered to 25% of control, whereas in the 
others twitch tension was allowed to recover spontane- 
ously. 

The twitch recordings of these 20 patients were 
evaluated for the following variables: time from end 
of injection of mivacurium to maximum twitch sup- 
pression (time of onset); maximum twitch suppres- 
sion after the initial dose; time from end of injection of 
the initial dose to recovery of 5% and 25% of control 
twitch tension (DUR5%,,;,, DUR25%,_.,); time from end 
of injection of the maintenance doses to recovery of 
25% of control twitch tension (DUR25% namg); time from 
end of infusion to recovery of 25% of control twitch 
tension (DUR25% nfus); time from end of injection of the 
initial dose to recovery of 25% of control twitch tension 
after the last maintenance dose or after the end of 
infusion (duration of clinical muscle relaxation); time 
from 25% to 75% twitch recovery (recovery index); 
doses of mivacurium infused over 15-min intervals 
(fractional doses); and doses of mivacurium adminis- 
tered by initial injection with consecutive infusion or 
repeated injection (total dose). The data are presented 
as mean with standard deviation (sp). Intergroup and 
intragroup comparison was performed by paired and 
unpaired Student’s t-test, respectively. Patient data 
were compared by analysis of variance. 
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Table 1. Patient Data 


Age Weight Height 
Patient group (yr) (kg) (cm) n 
Dose response study 
30 ug/kg 43 +25 70+10 174247 9 
39 ugikg 36 +16 65+12 16946 9 
47 ugkg 38 + 14 72+2 17449 9 
54 mg/kg 35+17 73+10 174+7 9 
60 pe/ke 43 +15 76417 17647 9 
Infusion/injection study 
Infusion BEL 65222. 17329 W 
Repeated injection 41+15 68+15 171+7 10 


Values are mean + sp. 


Table 2. Spontaneous and Neostigmine (7 yg/kg)- 
Induced Recovery of Twitch Tension After Repeated 
Injection Versus Infusion of Mivacurium 


Recovery index 
Neostigmine- 
Dose DUR5%.,, Spontaneous induced 
(pg/kg) (min) (min) (min) 
Repeated 480 +130 1343 622 7215 
injection 
n 10 10 5 5 
Infusion 740 + 330 14243 6+3 5+2 
n 10 10 5 5 
P NS NS NS NS 


DUR5%nt time from end of injection of the initial dose to recovery of 
5% of control twitch tension; NS, not significant. 
Values are mean + SD. 


Results 


All groups of patients were not significantly different 
with respect to age, body weight, and height (Table 
1). In the dose-response study, 30 pg/kg of mivacu- 
rium failed to produce any twitch depression in four 
patients. The most profound twitch depression (94%) 
was observed with 60 ug/kg. The EDs, ED,s, and 
EDs values calculated from the log-probit regression 
line were 48, 62, and 73 pg/kg, respectively. After 
administration of an intravenous bolus dose of miva- 
curium (2 x EDs) the time of onset was 2.2 + 
0.7 min, whereafter the twitch response was com- 
pletely abolished in all 20 patients. 

The resulting DUR5%,,;, did not show a significant 
difference between the infusion and the repeat injec- 
tion group (Table 2). The manual adjustment of the 
infusion of mivacurium allowed neuromuscular block- 
ade to be maintained between 90% and 98%, with a 
resulting infusion rate of 6 + 2 yg-kg~?-min™! (range 
4-9 wg-ke~*-min™’) administered over 100 + 30 min 
(range 55-140 min). Within this average, the dose 
fraction of mivacurium infused during the first 15 min 
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Table 3. Fractional Maintenance Doses of Mivacurium Infused for 95% Neuromuscular Blockade as a Function of Time 


0-15 15-30 30-45 

min min min 
Dose (ug-kg~!-min~?) 9+2 6+3 E 
n 10 10 10 


Values are mean + sp. 


45-60 60-75 75-90 909-105 105-120 
543 6+3 6&2 6+2 6+2 
10 8 6 6 4 


Table 4. Duration of Action of Maintenance Doses of Mivacurium (0.6 xX EDs = 44 ug/kg) Injected Intravenously Upon 
25% Recovery of the Evoked Twitch Tension After an Initial Dose of 2 x EDg, (146 ug/kg) 


1 2 3 4 
DUR25% naint (min) 9+3 9+3 9+3 9+2 
n 10 10 10 10 


was 30% more (P < 0.005) than all following 15-min 
fractions (Table 3). Twitch tension began to recover 
2.4 + 1 min after the end of infusion, from which point 
6 + 2 min elapsed until the twitch tension attained 25% 
of control (DUR25%,,.,.). The overall duration of clini- 
cal muscle relaxation after initial injection with consec- 
utive infusion was 118 + 28 min. The 6 + 2 min 
recovery index was not significantly affected by 7 ug/kg 
of neostigmine (Table 2). 

In the 10 patients of the repeat bolus injection 
group, the DUR25%,,;,, was 18 + 5.0 min, which is 
5 min longer than the DUR5%,,;, and twice as long as 
the DUR25% aint (Table 4). The maintenance doses 
of mivacurium represented an equivalent of 5 + 
1.3 gkg mint, not significantly different from 
the requirements by infusion. The average 9-min 
DUR25% aint Was Constant within up to 10 injections 
(Table 4). The duration of clinical muscle relaxation 
(90 + 36 min) was not significantly different from the 
corresponding value of the infusion group. Similarly, 
the average recovery index (Table 2) was the same as 
after infusion, also with no significant change after 
the injection of neostigmine (7 g/kg). 


Discussion 


With respect to the short duration of action of miva- 
curium, previous workers established the dose- 
response relationship by means of the single- 
injection technique rather than by the cumulative 
method commonly used with muscle relaxants of 
long or intermediate duration of action (9). The 
possibility of higher EDəs values of short-acting mus- 
cle relaxants generated by the cumulative method 
relative to the single-injection technique has been 
discussed by Gibson et al. (10,11). We were also using 
the single-injection technique, which yielded an av- 
erage ED,; within the range of 58-80 ug/kg as re- 


Maintenance 

5 6 7 8 9 10 
9+2 9+2 942 93 943 943 
8 7 Fi 5 3 3 


ported in the literature (3,4,12,13). Thus, mivacurium 
has about 0.8 times and 4 times the neuromuscular 
blocking potency of vecuronium and atracurium, 
respectively (14). 

The onset of the initial dose of mivacurium found 
in our study was about 1 min faster than reported by 
Choi et al. (3.3 + 0.9 min) and Savarese et al. (3.3 + 
0.6 min) who used approximately the same dose 
(150 ug/kg) (2,15). The slower onset of 4.8 + 1.6 min 
found by Ramsey et al. (16) may be due to the electro- 
myogram being used to quantitate neuromuscular 
blockade rather than the twitch tension (17). No such 
specific explanation apart from population variability 
can be proposed for the time of onset being 1.1 min 
shorter in our patients than in those of Choi et al. (15) 
and Savarese et al. (2). 

Our DUR25%,;,;, of mivacurium is in agreement 
with the corresponding figures of previous commu- 
nications (Choi et al. 15.5 + 3 min; Savarese et al. 16.8 
+ 3.3 min) (2,15), as is the constant duration of action 
of the maintenance doses (2,18). After an initial dose 
of mivacurium (150 g/kg), Caldwell et al. (18) gave 
up to 10 repeated doses of 100 ug/kg. The intervals 
between the maintenance doses, which in their study 
were injected at a recovery level of 10% of control 
twitch tension, were also constant in six patients, 
whereas there was an up to 8-min increase in two 
others. This discrepancy suggests that the repeated 
doses used by these authors, which were as much as 
2.3 times higher than ours, were probably greater 
than those sufficient to just sustain a given degree of 
neuromuscular blockade. 

In an earlier study with vecuronium, the infusion 
resulted in an increase of 70% in the average recovery 
index relative to the repeated injection of a compara- 
ble dose (19). This finding could not be confirmed - 
using mivacurium, neither in the present study nor 
by previous authors (2,4,5,12,20). These workers 
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found recovery indices after mivacurium infusion 
close to ours, although their doses varied between 
4.8 and 8.3 ug-kg~!-min™’. The only exception is a 
study of Shanks et al. (6), where after an initial 
intravenous dose of 150 yug/kg and a subsequent 
infusion (6.0 ug-kg~*-min~‘), the recovery index was 
4 min longer than after the initial dose alone (6 + 2 vs 
10 + 7 min). Further studies are needed to determine 
whether the figures of Shanks et al. (6) reflect a 
dose-dependent recovery index as previously de- 
scribed with pancuronium (21). This, however, 
seems unlikely from our present state of knowledge. 
The average 6-min time from the end of infusion of 
mivacurium to 25% twitch recovery (Table 2) relative 
to some 20 min after vecuronium infusion (19) is 
particularly favorable to mivacurium’s clinical use. 

Savarese et al. (2) and Caldwell et al. (18) demon- 
strated that neostigmine (45 and 60 ug/kg) accelerated 
the recovery from mivacurium-induced neuromuscu- 
lar blockade, whereas in our study 7 pg/kg was 
ineffective. Yet, the same small dose (0.5 mg per 
patient) reversed a 30% vecuronium neuromuscular 
blockade in a patient with myasthenia gravis (22) and 
achieved a 33%-70% reduction of the recovery index 
in vecuronium (n = 10) and atracurium (n = 10) 
neuromuscular blockade in healthy individuals (un- 
published data). The near-equal recovery indices in 
our patients with and without neostigmine may 
therefore be attributed to the spontaneous recovery 
from mivacurium-induced neuromuscular blockade 
occurring faster than the 7-10 min onset of neostig- 
mine (23). It may be expected that, in clinical practice, 
the use of anticholinesterase drugs after the use of 
mivacurium will rarely be required. We have not yet 
observed such cases. 

In conclusion, our study confirmed the short du- 
ration of mivacurium neuromuscular blockade in 
clinical doses. Both infusion and repeated injection of 
mivacurium do not require significantly different 
doses per hour to provide clinical muscle relaxation 
whereafter the recovery indices are equal. 
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REVIEW ARTICLE 


Anesthetic Considerations for Laser Surgery 


Ira J. Rampil, Ms, MD 


Department of Anesthesia, University of California, San Francisco, California 


aser is an acronym for Light Amplification by 

Stimulated Emission of Radiation. This article 

will review relevant highlights of the physics of 
lasers and laser light, rationales for the variety of 
lasers in clinical use, and important anesthesia- 
related concerns during laser surgery. 


Physics of Laser Light 


Visual light is electromagnetic radiation, just as are 
radio waves, x-rays, and yrays. These different 
classes of electromagnetic radiation simply occur at 
very different wavelengths. Einstein explained that 
all electromagnetic radiation (e.g., light, radio, x-ray) 
consisted of wavelike quanta called photons that 


1. Contain energy proportional to their vibrational fre- 
quency, 


E (J) = hy, 


where J is joules, h is Planck’s constant = 6.63 x 107% 
(J-s), and vis the frequency of the photon in cycles per 
second; 

2. Propagate without diminution in vacuum at 299,800,000 
m/s, 


3. Have a wavelength (A) that can be calculated as 


2.998 x 10° (m/s) 
v (Hz) 


The wavelength for visible light ranges from 385 nm 
(nanometers, 107°? m) to 760 nm; shorter wavelengths 
are ultraviolet, longer are infrared. 

Laser light differs from ordinary light in three 
ways. First, it is highly monochromatic. Laser light 
consists of photons that have a well-defined, very 
narrow band of wavelengths, whereas ordinary light 
contains a wide spectrum of wavelengths. Second, 
laser light is coherent. Coherence implies that the 
electromagnetic fields of all photons in the laser beam 


à (m) = 
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oscillate synchronously in identical phase. In ordi- 
nary light, the electromagnetic fields are phased 
randomly, even at the same wavelength. Third, di- 
rected beams of laser light are collimated, i.e., have 
minimal dispersion. The light remains in a narrow, 
collimated beam, whereas ordinary light beams 
spread out in all directions from a source point. These 
three characteristics allow lasers to generate intense 
light beams, to send such beams efficiently and 
accurately through lenses, and to deliver intense 
energy to small target sites. 


Laser System Hardware 


The essential components of a laser system include a 
lasing medium that holds the atoms whose electrons 
create the laser light; resonating mirrors to boost 
lasing efficiency; and an energy source to excite or 
“pump” the lasing atoms into producing laser light 
(Figure 1). The different types of lasers used in clinical 
practice use a variety of lasing media and energy 
pumps. Some lasers use a gaseous lasing media such 
as CO, argon, krypton, or helium-neon, and are 
pumped by electric discharge through the gas. Gas 
lasers may produce either a continuous or intermit- 
tently pulsed beam output. Other lasers use solid 
rods of laser-passive material containing small quan- 
tities of ionic impurities, known as dopants, that are 
the actual lasing material. Dopants commonly used 
for their laser potential include chromium (as in the 
ruby laser), neodymium (Nd), or holmium (Ho). A 
synthetic gem crystal known as YAG (yttrium- 
aluminum-garnet) is commonly used as a passive 
host matrix, but even glass has been used. Solid 
lasers are usually pumped by high-energy photons 
from a xenon flash lamp, and therefore produce a 
pulsed beam. Lasers also can be made from liquid 
dyes and semiconductors, but these technologies 
have yet to appear in a significant way in surgical 
practice. Some medically relevant lasing media and 
their respective output wavelengths are listed in 
Table 1. 

Frequency doublers convert laser light to a different 
wavelength, enhancing therapeutic flexibility. A 
beam of laser light passed through a crystal of potas- 
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Q Output 


Lasing Media Sw itch Beam 





Partial 
Mirror 


Complete Energy Pump 


Mirror 


Figure 1. Generic laser hardware. A laser system consists of 
several components, irrespective of whether the laser is solid-, 
liquid-, or gas-based media. The central component is the lasing 
media itself. This may, for example, be a solid crystal of YAG with 
a small concentration of neodymium, or a tube containing carbon 
dioxide. The energy pump provides the means of obtaining a 
population inversion (see text) of orbital electrons; it may consist of 
a xenon flash lamp or an electric spark generator. A pair of axial 
mirrors allow repeated passes of collimated photons through the 
media, allowing maximum amplification by stimulated emission. 
The mirror on the right is not 100% reflective, allowing the beam to 
eventually escape. The optional Q-switch increases efficiency of 
pulsed lasers by allowing a small delay to increase the pumping. 


sium-titanyl-phosphate (KTP) will emerge with a 
mixture of the original wavelength and a wavelength 
one-half of the original (double the frequency). In 
medical lasers, KTP is most often used with Nd-YAG. 
Truly tunable lasers now exist, but are still relatively 
low-powered devices. 

A light guide directs the laser beam to the surgical 
site as illustrated in Figure 2. Fiberoptic bundles are a 


Table 1. Laser Media Wavelengths 


Laser media Color Wavelength (nm) 
Carbon dioxide Far infrared 10,600 
Erbium-YAG Infrared 2,930 
Holmium-YAG Infrared 2,060 
Neodymium-YAG Near infrared 1,064 
Ruby Red 694 
Krypton Red 647 
Helium-neon Red 632 
Gold (vapor) Red 632 
Organic dye (liquid) Red 632 
Organic dye (liquid) Yellow 585 
Copper (vapor) Yellow 578 
Organic dye (liquid) Yellow 577 
Krypton Yellow 568 
KTP-Nd-YAG Green 532 
Krypton Green 531 
Argon Green 515 
Copper (vapor) Green 510 
Organic dye (liquid) Green 504 
Argon Blue 488 
Xenon fluoride Ultraviolet 351 
Xenon chloride Ultraviolet 308 
Krypton fluoride Ultraviolet 248 
Krypton chloride Ultraviolet 222 
Argon fluoride Ultraviolet 193 
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convenient, flexible conduit for visible and near- 
infrared wavelengths. Wavelengths outside this 
range, such as the long infrared from a CO, laser, 
require either an articulated arm containing front- 
surface mirrors at each joint or newly developed 
exotic materials in a fiberoptic bundle. Once the laser 
beam is delivered in proximity to the surgical site, it is 
either focused to the site by the lens of an operating 
microscope, or the shape of the beam can be inten- 
tionally altered by passing it through a contact probe 
directly on the tissue to be lasered. 

An operating microscope accurately aims a laser by 
directing a low-powered (~1 mW) visible beam, 
usually from a low-powered He-Ne gas laser, 
through the same optical path as the surgical laser. 
Some surgical lasers can be focused to a spot size of 
30 um (0.030 mm), creating very high power densi- 
ties. 

For surgical procedures that do not require a 
‘“no-touch” technique, there are special heat-resistant 
(sapphire) direct-contact probes (1) (Figure 2) that are 
replaceable and can be designed for sharp cutting or 
diffuse coagulation as needed. These probes require 
active cooling in the form of a compressed gas or 
liquid jet, a feature that has become responsible for 
significant recent laser-related morbidity and mortal- 
ity (2). The mechanism of action of the contact probe 
is probably a combination of thermal conversion 
within the sapphire (heating the surface to >800°C) of 
most of the laser energy and transmission of perhaps 
20% of the near-infrared energy to the surrounding 
tissue (3). 


Clinical Applications 


Lasers are now used as scalpels and electrocoagula- 
tors with some unique advantages. For example, 
lasers allow highly precise microsurgery, even in 
confined or difficult-to-reach locations. The ability to 
focus laser beams on small target areas concentrates 
the intensity or power per area enormously. For 
example, a 10-W beam, originally 1 cm? in area, 
would have a power density of 10,000 W/cm? when 
focused on a target area of 0.001 cm*. This power 
density delivers approximately 2500 calories per sec- 
ond to the target site, producing heating at a rate of 
many thousand degrees per second, depending on 
the volume of energy absorption. This energy deliv- 
ery allows precise, rapid vaporization of tissue, or 
indeed most materials save metals and ceramics. 
Lasers do not increase the energy of a particular 
photon, but simply can place more photons of the 
same energy at a given place and time than other 
light sources. Laser surgery is relatively “dry,” pro- 
viding near instantaneous sealing of small blood 
vessels and lymphatics, even in the presence of 
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Figure 2. Light guides. On the left is a schematic representation of a CO, laser guide as might be found in either an operating microscope 
or a hand-held wand. The guide consists of rigid hollow tubes with hinged, aligned mirrors that reflect the beam from its source through 
the focusing lens. On the right of the figure is a schematic of a flexible fiberoptic guide with a sapphire contact scalpel and a coaxial cooling 


system. 


clotting abnormalities; however, early claims for 
faster than normal healing and lower infection rates 
have not been validated. 


Laser Interaction With Tissue 


Living tissue is a complex aqueous solution contain- 
ing a variety of molecules that absorb light. When an 
atom interacts with a photon whose energy does not 
exactly match a possible electron transition, its en- 
ergy may be translated into atomic vibrations we 
recognize as heat. The degree to which a particular 
wavelength of light is absorbed and converted to heat 
in the tissue of interest will determine its effect on 
that tissue. Long infrared wavelengths are absorbed 
with great efficiency by water, the main constituent of 
tissue. Therefore long-wavelength laser light, like 
that from CO, (operating at 10,600 nm), is completely 
absorbed by water in the first few layers of cells. With 
powerful, focused CO, beams, this leads to explosive 
vaporization of the tissue surface at the target with 
surprisingly little damage to underlying tissue. The 
new excimer lasers produce ultraviolet light that is 
even more intensely absorbed by water and other 
molecules and thus has an even more superficial 
effect. Near-infrared light from an Nd-YAG laser at 
1064 nm is much less absorbed by water, and the 
beam is transmitted and scattered through a volume 
of tissue perhaps 100-1000 times the volume through 
which a CO, beam diffuses. Consequently, the en- 
ergy of an Nd-YAG beam is more widely dissemi- 
nated (Figure 3), producing less vaporization and 
more thermal coagulation (i.e., a cooking effect). 
Some of the effects of this beam may not be apparent 
for hours or days after exposure. Red light, as from a 
ruby laser (694 nm), is poorly absorbed except by cells 
containing dark pigment. The green and blue light 
produced by argon (488 and 514 nm, respectively) or 


krypton (476, 521, and 568 nm) gas lasers is transmit- 
ted by water, but intensely absorbed by hemoglobin, 
providing the ability to penetrate skin or ocular 
structures and selectively coagulate vascular or pig- 
mented regions. Although lasers that produce infra- 
red or visible light have exclusively thermal effects on 
tissue, the photons produced by ultraviolet excimer 
lasers are energetic enough to directly disrupt chem- 
ical bonds and cause ionization, which in turn can 
lead to mutation and carcinogenesis. 


Risks of Laser Use 
Standards and Regulations 


Because they are potentially dangerous technologic 
devices, the medical use of lasers is subject to both 
some degree of federal regulation and to voluntary 
consensus standards to minimize possible risks. The 
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Figure 3. Different wavelengths of laser light cause different pat- 
terns of tissue destruction. The actual destructive effect of laser 
light on tissue depends on both laser parameters and tissue factors. 
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U.S. Food and Drug Administration (FDA) controls 
the manufacture and marketing of medical laser 
equipment. There are presently no mandatory federal 
regulations governing the clinical use of or safety 
precautions for lasers. The current standard to which 
institutions that use lasers should subscribe is the 
American National Standard for the Safe Use of Lasers in 
Health Care Facilities (Z136.3-1988) published by the 
American National Standards Institute (ANSI). 
(ANSI Z136.3-1988 is available from the American 
National Standards Institute, Inc., 1430 Broadway, 
New York, NY 10018, or from the Laser Institute of 
America, 5151 Monroe Street, 102W, Toledo, OH 
43623.) This document represents a consensus of 
governmental, industrial, and professional authori- 
ties on the methods used to define and control the 
risks of laser use, to define and standardize training, 
and to assess and ensure safety. Several states have 
adopted variations of a set of regulations suggested 
by the FDA (4), and the U.S. Occupational Safety and 
Health Administration (OSHA) is empowered to in- 
tervene if the medical use of lasers threatens the 
health of employees. Although patients are at most 
risk from the surgical use of lasers, injuries to staff 
have not been rare. The safety guidelines proposed 
by both the ANSI and the FDA should be followed to 
the maximal extent possible. 

Manufacturers are presently required to report 
unusual incidents or injury as they become aware of 
them. Clinicians, however, are required to report 
complications due to laser use only when they occur 
in the course of a premarketing testing protocol; at 
other times, clinical reporting is voluntary. Conse- 
quently, the true incidence of laser injury is not 
known with certainty. The passage by Congress of 
the Safe Medical Devices Act of 1990 will require 
reporting by clinicians of all serious injuries and 
should provide more accurate data regarding the 
prevalence of such injuries. 


Laser Hazards 


The hazards owing to laser use can be separated into 
four major categories: atmospheric contamination, 
perforation of a vessel or structure, embolism, and 
inappropriate energy transfer. There were 21 injuries 
reported to the FDA between January 1989 and June 
1990, two were minor, 12 were serious, and there 
were seven mortalities (5). The distribution by type of 
injury is illustrated in Figure 4. 


Atmospheric contamination. Vaporization of tissue, 
whether by electrosurgery or laser radiation, pro- 
duces a plume of smoke and fine particulates (mean 
size 0.31 um; range of sizes 0.1-0.8 um [6]). The size 
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Figure 4. Distribution of laser-injury type reported to the FDA 
1/89--6/90. Data from Reference 5. 


of these particles falls within the range that is effi- 
ciently transported and deposited in the alveoli. 
Many individuals find the odor of this plume objec- 
tionable, and sensitive individuals have described 
headaches, tearing, and nausea as a consequence of 
inhalation. Deposition of laser plume particulates in 
rat lung appears capable of producing interstitial 
pneumonia, bronchiolitis, reduced mucociliary clear- 
ance, inflammation, and emphysema (7,8). Laser 
plume also has the potential to be mutagenic (9), 
teratogenic, or a vector for viral infection. In vitro, the 
mutagenic potential of laser condensate is half that of 
electrocautery (10), and the total mutagenic potential 
from 1 g of tissue is comparable to that from smoking 
three to six cigarettes. The role of the smoke plume as 
a viral vector is controversial: viral DNA has been 
detected in plumes from condyloma [11,12] and skin 
warts (13), but not from laryngeal papilloma (14). The 
presence of HIV in laser plumes from infected tissue 
has yet to be addressed, although HIV was not 
detected in electrosurgical smoke plumes (15). Com- 
petent transmission of any viral infection via smoke 
plume has yet to be demonstrated. Laser plume does 
not appear to contain viable eukaryotic cells (i.e., 
tumor cells [16,17]) but may contain viable bacterial 
spores (18,19). 

CO, lasers seem to produce the most smoke owing 
to the vaporization of tissue; Nd-YAG contact probes, 
much less. The most effective means of preventing 
dissemination of the plume is with an efficient smoke 
evacuator at the surgical site (20,21). Ordinary surgi- 
cal masks efficiently filter particles down to about 
3.0 um; therefore special high-efficiency masks (i.e., 
The Protector II, Anago, Fort Worth, Tex.) are needed 
to catch laser plume particulates. These high- 
efficiency masks lose their efficiency when wet and 
may need to be changed periodically. 
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Perforation. Misdirected laser energy may perfo- 
rate a viscus (22) or a large (uncoagulable by laser, 
>5 mm) blood vessel. Laser-induced pneumothorax 
after a laryngeal procedure also has been reported 
(23). The depth of damage is impossible to judge 
accurately when using an Nd-YAG system, and per- 
foration may occur several days postoperatively 
when edema and necrosis are maximal. 


Embolism. Venous gas embolism may occur during 
laparoscopic laser surgery, but has been a particular 
problem during hysteroscopic surgery with Nd-YAG 
contact probes when the gas coolant for the sapphire 
probe tip has accidentally inflated the uterine cavity. 
This technique resulted in five widely publicized 
cases involving four deaths in 1989 (2). The contact 
probe itself is not required for injury; a fatal gas 
embolism during uterine insertion of a sheathed 
quartz fiber (with coaxial coolant gas running) pro- 
duced an immediate massive embolism (24). For this 
reason, during hysteroscopy, liquid (saline) coolant is 
the only safe option. If coolant gas must be used, 
using carbon dioxide will result in the least damage 
after an embolization when compared with either 
nitrogen or air. If saline is used instead of gas for 
uterine distention, a fluid overload similar to that 
seen during transurethral prostate surgery is possible 
(25). Venous gas embolization has also been reported 
during Nd-YAG resection of tumor in the trachea 
(26,27) and during various types of laparoscopic 
procedures. Recently, a laser coolant malfunction 
during laparoscopic ablation of endometriosis lesions 
at the author's institution resulted in complete, sub- 
cutaneous, air emphysema from which the patient 
recovered after a benign course. During laparoscopic 
surgery with CO, insufflation, mechanical hyperven- 
tilation should be instituted to compensate for intra- 
abdominal CO, absorption and cephalad displace- 
ment of the diaphragm. Continuous airway CO, 
monitoring is highly recommended for detection of 
either embolization or hypercapnia. 


Energy transfer to an inappropriate location. All avail- 
able medical laser light is transmitted transparently 
through air and is well reflected by smooth metal 
surfaces. Pressing the laser control trigger at the 
wrong time can deliver damaging laser light across 
the wound to sites where surgical ablation was not 
desired, or across the operating room into some- 
one’s eyes. Potentially tragic scenarios include laser 
ignition of surgical drapes (28) (Figure 5) and, of 
special interest to anesthesiologists, accidental ir- 
radiation of an endotracheal tube during airway sur- 


gery. 
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Figure 5. Surgical drape fire from an accidentally misaimed laser 
pulse. Reproduced with permission of Health Devices and the 
Emergency Care Research Institute, from Airway fires: reducing 
the risk during laser surgery. Health Devices 1990;14:109. 


Eye Protection 


The ANSI standard as well as common sense dictates 
that eye protection be used by all operating room staff 
and the patient during the conduct of laser surgery. 
Errant infrared energy from a CO, laser can quickly 
cause a serious corneal injury (29), whereas argon, 
(KTP) Nd-YAG, or ruby lasers are more likely to burn 
the retina (30). Patients’ (nonoperated) eyes should 
be taped so the lids are closed, then covered with an 
opaque, saline-soaked knit or metal shield (31-33). 
Operating room personnel must wear safety goggles 
or lenses that are specific for the laser wavelength in 
use. Safety goggles should provide wrap-around pro- 
tection from reflected light. For CO, lasers, any clear 
glass or plastic lenses will suffice because they are 
opaque to far-infrared light. Regular eyeglasses can 
be sufficient, but contact lens are not. Other lasers 
require color filters whose wavelength specificity and 
optical density are regulated. Nd-YAG lasers require 
either special green-tinted goggles, which make as- 
sessment of patient skin color difficult, or newly 
available clear lenses (Nd:YAG Protection Glass, Sur- 
gical Laser Technologies, Malvern, Pa.) with a special 
coating opaque to near-infrared light. Argon or kryp- 
ton lasers require an amber-orange lens filter, and 
KTP-Nd-YAG lasers require a red filter. As lasers 
other than the CO, produce beams that pass through 
glass, all windows into the operating room should be 
covered during laser procedures and warning signs 
should be posted as described in ANSI Z136.3. 


Endotracheal Tube Fires 


A feared complication of laser use during airway 
surgery is endotracheal tube fire. The estimated inci- 
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Figure 6. Blowtorch ignition of an endotracheal tube. Reproduced 
with permission of Health Devices and the Emergency Care 
Research Institute, from Airway fires: reducing the risk during 
laser surgery. Health Devices 1990;14:109. 


dence of this complication during such operations is 
0.5% (34)-1.5% (35). A mail survey of otolaryngolo- 
gists, although not providing an incidence for fires, 
did demonstrate that laser-induced ignition of endo- 
tracheal tube, cuff, or cottonoids was responsible for 
the majority (41%) of perioperative complications, 
followed by postoperative laryngeal web (19%) and 
laser-related/induced facial burn (11%) (36). The larg- 
est published (retrospective) series of CO, laser air- 
way surgery documented 6 of 4416 cases (0.14%) of 
airway fire (37), confirming it as the most frequent 
laser-related complication in this group of patients. 
Given the proximity of the endotracheal tube to 
surgical sites around the larynx, the potential for fire 
or other airway complications is clear. Most of these 
fires, when appropriately handled, result in minimal 
or no harm to the patient (34,38,39), but catastrophic 
consequences are possible (40,41). With the energy 
delivery rates described earlier, any hydrocarbon 
material, including tissue, plastic, and rubber, can 
ignite and burn, particularly in an oxygen-enriched 
atmosphere. Fires can result from direct laser illumi- 
nation, reflected laser light, or incandescent particles 
of tissue blown from the surgical site (42). Initially, 
most fires are located solely on the external surface of 
the endotracheal tube where they can cause local 
thermal destruction. If the fire is unrecognized and 
burns through to the interior of the tube, then the 
oxygen-enriched gas and flow owing to ventilation 
will produce a blowtorch-like flame blowing heat and 
toxic products of combustion down to the pulmonary 
parenchyma (Figure 6). Puncturing and deflating the 
tube cuff may permit oxygen-enriched gas to flood 
the operative site and increase the chance of a dev- 
astating fire after a subsequent laser burst. 

Three approaches have been developed to reduce 
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the incidence of airway fire: (a) reduce the flamma- 
bility of the endotracheal tube; (b) use Venturi venti- 
lation; or (c) use intermittent apnea. Each of these will 
be discussed. 


Relative flammability. Given that all common endot- 
racheal tubes are potentially flammable, considerable 
effort has been expended to assess the relative risks of 
the various types of construction material. For many 
years, reusable red rubber tubes were commonplace, 
then were eventually supplanted by clear polyvinyl- 
chloride (PVC) plastic tubes. Modern PVC strongly 
absorbs far-infrared light and is thus very sensitive to 
CO, laser energy. Polyvinylchloride tubes appear to 
be much more easily ignited by CO, lasers than red 
rubber tubes (37,43,44) and to produce more toxic 
combustion products. In vitro, PVC is transparent, 
and thus immune to Nd-YAG and visible laser light; 
however, a thin coating of mucous or blood in vivo 
will absorb energy and restore the hazard. Two 
recent studies of the effects of Nd-YAG laser energy 
on common types of tubes, including those designed 
to be resistant to laser light, revealed that endotra- 
cheal tubes of all materials are in fact quite vulnerable 
(45,46). Ossoff et al. (43) compared the extent of acute 
damage to the trachea from blowtorch-type ignitions 
in dogs receiving 1% halothane and 70% nitrous 
oxide (balance oxygen) through PVC, rubber, or 
silicone endotracheal tubes. They reported easiest 
ignition in the case of PVC, followed by intense 
flame, widespread deposit of carbonaceous debris, 
and significant postmortem ulceration and inflamma- 
tion of the trachea. Red rubber tubes were more 
resistant to ignition and produced less debris and 
inflammation. Silicone tubes were the most resistant 
to ignition but produced copious white silica ash, 
leading the authors to speculate about potential late 
silicosis. In a subsequent study (47), Ossoff measured 
the time to intraluminal ignition during exposure to 
CO, laser energy to determine resistance to ignition 
and reversed the ranking of silicone and red rubber, 
with PVC remaining the most vulnerable. He also 
found that the addition of 2% halothane vapor re- 
tarded ignition. The index of flammability once igni- 
tion occurs is the minimum necessary fraction of 
inspired oxygen (F103) to maintain combustion. Wolf 
and Simpson (48) concluded that PVC is actually less 
flammable than silicone or red rubber, having a 
flammability index of 0.26 versus 0.19 or 0.18 for 
silicone and red rubber, respectively. When nitrous 
oxide was used as the oxidant, PVC retained the 
highest index (0.46), followed by silicone (0.41) and 
red rubber (0.37). 

Despite the conflicting data, many authors recom- 
mend the use of red rubber endotracheal tubes dur- 
ing laser surgery of the aerodigestive tract, basing 
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this suggestion on criteria of resistance to ignition 
and least toxic combustion products. However, at the 
University of California, San Francisco, one surgeon 
has performed 4000 microdirect laryngoscopies using 
a CO, laser with two fires (0.005%), and no signifi- 
cant fire-related morbidity (personal communication, 
H.H. Dedo) using foil-wrapped PVC endotracheal 
tubes and moistened pledgets. 

Regardless of the tube substrate material chosen, 
there are additional safety considerations and maneu- 
vers to consider; these are outlined below. 


Effect of high oxygen or nitrous oxide gas mixture. The 
mixture of airway gases becomes an important issue 
when any type of potentially flammable endotracheal 
tube is used. Combustion is more vigorous when 
excess oxidizer is present, and most clinicians recog- 
nize the need to reduce the Fro, below 0.40 or to the 
minimum concentration consistent with patient oxy- 
genation. That nitrous oxide is also a powerful oxi- 
dizer is less well recognized, but adding nitrous oxide 
as a diluent for oxygen is just as dangerous as having 
a high Fro, (48). Using an air/oxygen mixture appears 
to be acceptable. Some investigators prefer helium as 
a diluent to nitrogen because helium has a higher 
thermal conductivity and may delay the ignition of an 
endotracheal tube for a few seconds (47,49). The 
index of flammability is only reduced 1%-2% when 
oxygervhelium is substituted for oxygen/nitrogen 
(50). Helium also has a lower viscosity and will allow 
the use of a smaller endotracheal tube without turbu- 
lence and high resistance to flow (51,52). 

The volatile anesthetics currently used in clinical 
practice are nonflammable and nonexplosive in clin- 
ically relevant concentrations (53,54). During an air- 
way fire, however, they may pyrolize to potentially 
toxic compounds (55). Thus, the ANSI Z136.3 stan- 
dard recommends not using volatile anesthetics dur- 
ing airway laser surgery. This is an extremely con- 
servative stance given the low concentration of 
anesthetic gas compared with the products of com- 
bustion from an endotracheal tube and the lack of 
evidence of toxicity owing to the pyrolytic products. 
In cases where Venturi ventilation is used, adminis- 
tration of volatile agents is not usually mechanically 
possible. 


Protective taping. Once the specter of endotracheal 
tube ignition was raised, extrinsic protection of the 
tubes was suggested (56). Patil and colleagues sug- 
gested wrapping tubes with moistened muslin (57). If 
allowed to dry, the muslin would become flammable. 
Kumar and Frost (58) suggested coating the vulnera- 
ble portion of the exterior of the tube with dental 
acrylic. This approach, however, renders the tube 
rigid with a rough surface that may traumatize the 
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mucosal surfaces. Perhaps the most popular ap- 
proach to the problem has been wrapping the tube 
with metalized foil tape (35,44,45,47,56,59,60). Three 
types of tape have been used: aluminum foil with 
adhesive backing, copper foil with adhesive backing, 
and a plastic tape that is thinly metalized on one side 
and has adhesive on the other. These tape products 
are widely available from retail electronics, arts and 
crafts, or building supply shops. A similar-appearing 
product is the lead foil that is commonly used on 
windows for burglar alarms; this tape is toxic and 
should never be used. The aluminum and copper 
tapes have been assessed for their ability to protect 
different types of endotracheal tubes against a variety 
of lasers. Although taping cannot provide protection 
of the inflatable cuff portion of an endotracheal tube, 
these metal tapes can offer a measure of protection 
against inadvertent, unfocused CQ, laser hits. Metal 
tape is a less certain shield against the near-infrared 
beam from a Nd-YAG laser. Sosis and Dillon (60) 
found that metalized plastic tape (i.e., Radio Shack 
#44-1155) was actually more incendiary than an un- 
wrapped red rubber tube with a time to ignition 
(50 W, beam diameter = 0.68 mm) of 6 s versus 13 s 
for the unwrapped control. The solid copper (1 mil 
Foil from Venture Tape Corp., Rockland, Mass.) or 
aluminum (#425 or 433 from 3M Corp., Industrial 
Tape Division, St. Paul, Minn.) tapes were able to 
withstand at least 60 s of direct laser exposure with- 
out penetration or ignition. A recent study by Health 
Devices (61) also found that the metalized plastic 
tape, while most pliant and least likely to abrade the 
larynx, provided protection only for CO, lasers, not 
Nd-YAG or KTP-Nd-YAG lasers. The 3M aluminum 
tape provided protection against CO, and KTP-Nd- 
YAG lasers but did allow ignition of a PVC tube at the 
highest power setting of an Nd-YAG laser. Copper 
tape (#1181, 3M Corp., Electrical Products Division, 
St. Paul, Minn.) provided ignition protection from all 
three lasers. 

If a metal foil wrap is chosen to be used for laser 
surgery, its application on the endotracheal tube 
requires some care. A clean tube should be wiped 
with alcohol to remove residue that would interfere 
with adhesion, and then optionally be wiped lightly 
with Mastisol (Ferndale Laboratories, Ferndale, 
Mich.) or tincture of benzoin. The end of the tape 
should be cut at an angle of about 60°, and the cut 
edge should be aligned with the proximal end of the 
cuff junction (Figure 7). A spiral wrap with approxi- 
mately 30% overlap should continue at least to the 
exit point of the cuff pilot tube. Care needs to be 
taken to prevent wrinkles that might abrade the 
tracheal mucosa. There must be no windows of bare 
tubing or areas of exposed tape adhesive (which is 
quite flammable). Rewiping the wrapped tube with 
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Figure 7. Cuff wrapping technique. If a wrapped endotracheal 
tube is the chosen method for laser protection, the technique for 
wrapping is critical in assuring both protection from ignition and 
from foil-induced mucosal abrasions. It is often helpful to first 
sparingly paint the tube with a medical adhesive like benzoin or 
Mastisol. The end of the tape should be cut with a scalpel to 
approximately 60°. Begin wrappirg by aligning the cut end of the 
tape with the junction of the tube and the proximal end of the cuff. 
Wrap in a spiral with a 30%-50% overlap between layers. Wrap 
including the inflation tube for the cuff and continue until just 
short of the pilot balloon. Take care not to wrinkle the tape at any 
point. 


alcohol will provide a degree of sterility before tra- 
cheal intubation. 

Despite the fact that these metal foils have been 
shown to be relatively effective in this regard, the 
manufacturers have not pursued FDA review or 
approval as medical devices. Although it is not illegal 
for a physician to create and use a custom device such 
as a wrapped endotracheal tube, should an injury 
occur, the clinician’s legal position as a noncertified 
“manufacturer” might be tenuous. Although the 
practice is well supported in the medical literature, 
there may have been less risk of liability before the 
advent of the FDA-approved commercial products 
described below. 

A commercial, FDA-approved version of metallic 
foil wrap is the Merocel “Laser Guard” wrap (Mero- 
cel Corp., Mystic, Conn.). This laser-protective wrap 
has an adhesive metal foil with a synthetic sponge 
surface. When properly placed on an endotracheal 
tube and kept moist, the Merocel wrap provides 
protection against CO,, argon, and KTP-Nd-YAG, 
but not YAG lasers (61). A potential disadvantage of 
this product is that the wrap adds almost 2 mm to the 
diameter of the endotracheal tube. Like the nonap- 
proved wraps, this product can only be applied to the 
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shaft of the tube and cannot provide any protection 
for the cuff. 

Another commercially available, approved method 
of endotracheal tube protection is to make a laser- 
resistant coating an integral part of the tube. This 
type of tube is available as the Xomed “Laser Shield” 
tube that is fabricated from silicone with an outer 
layer of finely divided aluminum powder in silicone. 
The aluminized layer extends over the inflatable cuff. 
The manufacturer (Xomed-Treace, Jacksonville, Fla.) 
recommends this tube only be used with CO, lasers 
and a beam intensity of less than 4900 W/cm? and 
specifies that the Fro, be less than 25%. This endo- 
tracheal tube is more resistant to far-infrared radia- 
tion than either PVC or red rubber tubes (62,63), but 
the resistance is only relative and the tube will burn 
vigorously once ignited in vitro (47), producing fria- 
ble silica dust. There has been at least one case report 
of an airway fire involving a Laser Shield tube (41). 
This case involved a serious injury owing to an 
intraluminal fire secondary to laser penetration of the 
cuff during a polyp excision with the power settings 
within specified limits but a high Fro, with balance 
nitrous oxide. The Laser Shield did not “pass” the 
Health Devices flammability test (61), igniting under 
typical surgical conditions. 

When using potentially flammable endotracheal 
tubes, four guidelines should be remembered: 


1. Minimize the Fio, 

2. Use wet pledgets above the cuff after replacing the 
pledget string with wire; remoisten pledgets fre- 
quently 

3. Use colored saline in the cuff 

4. Place the cuff sufficiently distal in the trachea to be 
out of direct sight of the operator. 


Metal endotracheal tubes. In 1978, Norton and De 
Vos (64) introduced a nonflammable endotracheal 
tube. The Norton tube is an interlocking stainless 
steel spiral coil resembling electrical cable armor. The 
tube walls are not airtight which, although allowing a 
cooling gas flow to the exterior surface, may make 
ventilation difficult in patients with relatively non- 
compliant lungs, particularly as this tube has no 
inflatable cuff. Jet ventilation with a modified Sanders 
Venturi coupler has been suggested as a means to 
overcome this problem (65). Another alternative is a 
separate, slide-on cuff, but these are all flammable 
and thus may present an ignition risk. This tube was 
available from Baxter Healthcare Corp (Niles, IIl.), 
but its manufacture was recently discontinued. 

Two other metal endotracheal tubes are commer- 
cially available and approved for use with specific 
lasers. The “Laser Flex” tube (Mallinckrodt, St. 
Louis, Mo.) is an airtight stainless steel spiral with 


432 REVIEW ARTICLE RAMPIL 
LASER SURGERY 


two distal, PVC saline-inflatable cuffs (redundant in 
case of puncture of the proximal cuff). This tube is 
resistant to CO, and KTP laser energy, but not 
Nd-YAG (61). The Bivona “Fome-Cuf” (Bivona, 
Gary, Ind.) is an aluminum spiral tube with an outer 
covering of silicone and a unique self-inflating foam- 
sponge-filled cuff. The foam in the cuff prevents 
collapse after puncture. This feature allows continued 
positive pressure ventilation and segregation of air- 
way gases from the operative site, but may lead to 
injury if a puncture of the cuff or the filling tube 
prevents deflation before removal. The Fome-Cuf is 
only approved for use with pulsed CO, lasers. The 
use of laser-resistant endotracheal tubes requires par- 
ticular care to prevent mucosal abrasions, because 
these tubes tend to be bulkier and more rigid than 
conventional tubes. The surgeon must also be careful 
that laser energy is not reflected off smooth metal 
surfaces and directed at sensitive structures. Finally, 
use of a metal endotracheal tube does not imply 
absolute protection from ignition as 50 W of Nd-YAG 
beam focused to 0.68 mm ignited a Laser Flex in 6 s 
(45). 


Jet ventilation. Some authors contend that optimal 
surgical conditions and patient safety can be obtained 
with so-called “jet” ventilation. This technique takes 
advantage of Bernouilli’s Venturi principle to aug- 
ment the ventilation produced by a narrow stream of 
high-speed gas flow. In ‘practice, jet ventilation uses 
an intermittent high-pressure oxygen supply, di- 
rected at the glottis through a small metal tube, like a 
ventilating bronchoscope, or even a 12-gauge blunt 
needle (66-71). Jet ventilation with air has also been 
used via a bronchoscope when resecting distal tra- 
cheal and bronchial tumors (72-75). It has been 
suggested that patients undergoing laser resections 
of airway tumors during jet ventilation may absorb 
carbon monoxide. from entrained laser smoke in the 
pharynx. The carbon monoxide, in turn, would cause 
pulse oximetry to overestimate arterial oxygen satu- 
ration. Goldhill et al. (74) found neither a significant 
increase in carboxyhemoglobin during Nd-YAG 
bronchoscopy nor a difference in pulse oximeter 
reading versus in vitro cooximeter measurement of 
arterial oxygen saturation. Although jet ventilation 
generally provides adequate ventilation without in- 
troducing flammable material or a large obstacle to 
the surgical field, there are several potential disad- 
vantages including the potential for barotrauma, 
pneumothorax, or crepitus; the restriction to only 
intravenous agents; gastric distention; and the rela- 
tive requirement for compliant lungs. 

To reduce obstruction of the surgical field by 
ventilatory instrumentation even further, several au- 
thors have advocated its complete removal, com- 
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bined with the technique of spontaneous ventilation 
or intermittant apnea with general anesthesia pro- 
vided by nasal insufflation or bronchoscopic delivery 
of a potent inhaled anesthetic (32,55,76,77) or an 
intravenous agent (78). Cohen et al. (79) and Hawk- 
ins and Joseph (80) have advocated modest hyper- 
ventilation followed by intermittent tracheal extuba- 
tion by the surgeon for periods of 90-120 s during 
which the laser is used. Pulse oximetry adds a mea- 
sure of safety by confirming adequate oxygenation 
from a denitrogenated pulmonary residual capacity 
during apnea. 

Although not specifically related to laser proce- 
dures in the airway, it is prudent to be prepared to 
recognize and treat vagal hyperactivity, which is 
frequently seen in instrumentation of the trachea. 


Airway fire protocol. Should an airway fire or explo- 
sion occur, the surgeon and anesthesiologist need to 
act quickly, decisively, and in a coordinated fashion. 
This may not be easy after an explosion, as the event 
may be so traumatic as to temporarily incapacitate the 
operating room staff. The key then, is communication 
and practice (at least a mental drill of the emergency 
procedure). Schramm and colleagues (81) have pro- 
vided a useful review of the ensuing pathology and 
suggested emergent management. 

Should a surgeon detect an endotracheal or other 
source of airway fire, he or she should as quickly as 
possible remove the source and simultaneously in- 
form the anesthesiologist, who should immediately, 
despite reflexive training to the contrary, stop venti- 
lation. It may be useful to temporarily disconnect the 
breathing circuit from the anesthesia machine. These 
maneuvers remove the flame and the retained heat in 
the tube as well as stop the enriched source of 
oxygen. The flaming material should be extinguished 
in a bucket of water that should always be available 
during laser cases. The patient should then receive 
mask ventilation with 100% oxygen, and anesthesia 
should be continued. A direct laryngoscopy and rigid 
(Venturi-ventilating) bronchoscopy should be per- 
formed to survey damage and remove debris. If the 
fire was an interior blowtorch type, then gentle 
bronchial lavage may be indicated, followed by fi- 
beroptic assessment of the more distal airways. If any 
airway damage is seen, the patient should be reintu- 
bated. Fortunately, small exterior-only fires may not 
cause appreciable damage. If the damage is severe, a 
low tracheostomy may be indicated. The pattern of 
damage tends to be worst in the upper airway and 
diminishes as one approaches and passes the carina. 
The oropharynx and face should be assessed and a 
chest radiograph should be obtained. Pulmonary 
damage owing to heat and/or smoke inhalation may 
necessitate prolonged intubation and mechanical 
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ventilation. A brief course of high-dose steroids may 
be helpful (82,83). 

Lasers provide a useful new tool in the surgical 
armamentarium, one for which anesthesiologists 
must, with increasing frequency, prepare their pa- 
tients and themselves. Although some of the poten- 
tial threats posed by lasers are unique, most are 
simply extensions of the risks posed by the previous 
generation of surgical tools. As with most potentially 
dangerous procedures, the risks of laser use can be 
minimized by common sense and preconsidered con- 
tingency plans. 


I gratefully acknowledge the comments provided by Lawrence Litt, 
PhD, MD, and Herbert H. Dedo, MD, and the editorial assistance of 
Winifred von Ehrenburg. 


Glossary 


Ablation: Removal of tissue by vaporization. 

Absorption: The transformation, by interaction with matter, of 
radiant energy to a different form of energy. 

Active medium: A material that lases with the proper excitation. 

Aiming beam: A very low-powered laser beam that is collimated 
with the high-powered, often-invisible therapeutic beam to 
illuminate the target site. 

Angstrom (A): 107 1° meter. 

Anode: The positive terminal in a gas discharge laser. 

Attenuation: The reduction in beam energy by absorption or scat- 
tering as it passes through matter. 

Brewster windows: T nt windows at the ends of a gas laser 
discharge tube set at an angle to the optical axis of the tube 
(Brewster's angle) so as to provide maximum light transmission. 

Coherent light: Light in which the photons all have the same 
wavelength and maintain a constant in-phase relationship with 
each other. 

Collimation: The property of a light beam that describes the degree 
to which the constituent photons move in a single direction. 
Highly collimated beams do not spread in diameter as they move 
away from the source. 

CW: Continuous wave mode, a mode of operation in which the 
laser discharge is continuous. 

Diffraction: The modulation in intensity and apparent bending 
exhibited by photons as they pass an opaque body. 

Dopant: A chemical added to a crystal matrix to serve as an active 
lasing constituent. 

Energy density: The amount of energy per unit area arriving at a 
surface. Usually noted in joules/cm*. 

Excimer: Exciter dimer, a type of laser based on the transition states 
of a diatomic molecule (e.g., ArF, KrF, or XeCl). These lasers 
produce very energetic photons. 

Extinction length: The thickness of a specified media that absorbs 
98% of the incident beam intensity, measured in cm™’. 

Infrared: Electromagnetic radiation with a wavelength in the band 
0.7 um-1.0 mm, i.e., longer wavelengths than visible light, but 
shorter than microwave/radio. 

Interference: The phenomena of photons of like wavelength but 
different phase combining constructively and destructively to 
modulate the resulting intensity. 

Joule: A unit of energy, 1 joule = == 1 watt-second. 

Micrometer, Micron, um: 107° meter. 

Mode: A description of the intensity cross-section of a laser beam. 

Monochromatic: Light of a single wavelength or color. 

Nanometer: 107? meter. 
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Neodymium, Nd: A rare earth metal that is frequently chosen as a 
lasing material within a substrate of glass or YAG. 

Output power: The rate of energy discharge, usually watts or 
joules/second. 

Photon: A quantum of electromagnetic energy possessing both 
wavelike and particlelike properties. Photons travel at a constant 
299,800,000 m/s. 

Power density: The amount of power (energy per second) per unit 
area arriving at a surface. Usually noted as watts/cm’. 

Pulsed mode: A mode of operation in which the laser delivers 
discrete (usually quite brief) bursts of photons. 

Pump: The means of inducing an electron population inversion so 
that stimulated emission might occur. 

Resonator: The combination of lasing material and mirrors neces- 
sary to support laser activity. 

Spontaneous emission: The emission of a photon when an excited 
orbital electron decays back to its baseline energy. 

Stimulated absorption: The process by which an orbital electron 
captures the energy of an colliding photon and is boosted to a 
higher energy orbital pattern. 

Stimulated emission: An electron in a high-energy orbital will, if 
struck by an appropriate photon, emit a second photon of equal 
wavelength, phase, and direction to the original, colliding pho- 
ton. 

Tunable laser: A laser that can be adjusted to provide a selected 
output wavelength from a range of possibilities. 

Ultraviolet: Electromagnetic radiation having wavelengths shorter 
than visible light, in the range between 0.01 and 0.38 um. 

YAG: A synthetic crystalline matrix composed of yttrium, alumi- 
num, and garnet with a chemical formula of Y,A1,0,. 

Wavelength: The distance from peak to peak of a photon wave. The 
usual units for light waves are nanometers (nm) or micrometers 


(um). 
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SPECIAL ARTICLE 


The Origins of the Association of 


University Anesthesiologists 
E. M. Papper, MD, PhD 


Department of Anesthesiology, The University of Miami School of Medicine, Miami, Florida 


onceived in turbulent times but born in opti- 

mism at facing a brave new world, the Asso- 

ciation of University Anesthetists (AUA, as it 
was called at its inception) is an interesting and 
important manifestation in medicine of the rapid 
intellectual and societal changes that were taking 
place in the United States in the immediate post-war 
(World War II) period. That this new organization 
was put together in a tumultuous environment is 
documented by the parting note of the first secretary, 
who was one of the eight founders of the Association, 
Austin Lamont. In 1957, he attached two interesting 
paragraphs to all of the correspondence that he had 
kept from those who worked to organize the group. 
On his presentation of the correspondence to the 
archives of the Wood Library and Museum in Chi- 
cago, Lamont wrote (1): 


This folder contains correspondence dealing with the 
formation of AUA and with the so-called Hingson 
Report. In both these matters strong personalities 
were involved. I believe the individuals concerned 
trusted my discretion, for they would write or tell me 
things they would not say to each other. There are, 
therefore, in this folder personal letters not intended 
for public view. 

But someday it may be of interest to a mature 
organization to look back on these matters. I think it 
would be a mistake to permit this folder to be opened 
until 1965 or 1970. By then the persons involved will 
have mellowed, the controversial issues will have 
been settled, and the personal references contained 
in many of their letters will no longer carry the sting 
they originally had. 


Some consideration, however brief, of the environ- 
ment in which the AUA first appeared as a structured 
force in academic anesthesiology is needed to under- 
stand the background information important to the 
story of this new organization’s beginnings. 
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Academic Anesthesiology Before World 
War Il 


Before World War II, academic anesthesiology was 
characterized by many healthy accomplishments. 
The important academic presence in that era begins 
with and is centered around the first recognized 
academic department in the United States at the 
University of Wisconsin chaired and led by Ralph 
Waters. From the inception of the Wisconsin Depart- 
ment in 1927, Waters and his large coterie of distin- 
guished followers, including E.A. Rovenstine who 
brought the academic message from the Midwest to 
the East at New York University and Bellevue Hos- 
pital, were engaged in studying the scientific bases of 
the important clinical problems of that era. Their 
skillful research in the anesthesiology of that period 
was a strong beginning. Equally important and inter- 
esting was the establishment and subsequent devel- 
opment of an academic arm, with respect to research 
and teaching at the Mayo Clinic under the leadership 
of the founder of anesthesiology in that institution, 
John Lundy. At the same time there were discrete 
and important burgeonings of interest in intellectual 
and other scientific matters that dealt with the anes- 
thetic process. There were individuals who came 
from other disciplines like surgery, internal medicine, 
and pharmacology to study the biology of anesthe- 
tized humans with great foresight and clarity. Among 
these people was the young and able Henry K. 
Beecher who combined a scientific rearing with Pro- 
fessor Krogh in Copenhagen with clinical interest in 
anesthesia at the Massachusetts General Hospital. 
Beecher’s book, The Physiology of Anesthesia, pub- 
lished in 1938, ranks among the landmark develop- 
ments of the academic strength of anesthesiology. 
Despite these activities, there was insufficient time 
and opportunity to develop scientific researchers and 
teachers in anesthesiology, to say nothing of clini- 
cians, in adequate numbers to have made a major 
mark upon all academic enterprises in the United 
States before the War. 

The needs of World War II produced a rapid 
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development of marginally educated physicians in 
anesthesiology to meet the critical exigencies of injury 
and disease resulting from massive warfare in all 
parts of the world. 


The Academic Scene in Anesthesiology 
After World War I 


At the end of World War U, the still young but 
seasoned veterans who had academic interests and 
talents saw these skills reinforced and greatly ex- 
tended by the enormous clinical experience brought 
to them by the unfortunate results of institutionalized 
killing and wounding that is modern warfare. These 
young physicians in military anesthesiology were 
often, and in substantial numbers, attracted to a 
permanent career in this relatively new discipline; 
and, as was fortunately the case, a sufficiently strong 
cohort of this group opted for academic work. The 
education required for research and teaching careérs 
was, for those days, rigorous. Today, in view of the 
enormously more complex problems to solve, the 
adequate clinical and scientific education of the im- 
mediate post-war era would be viewed charitably as 
evolutionary in character and accurately as floating 
on the margin given the problems to be resolved. 
Between the end of the war and the end of the decade 
of the forties, there was enough opportunity to 
accomplish the establishment of new independent 
departments of anesthesiology devoted to academic 
purposes of research, teaching, and complex patient 
care. There were enough individuals with investiga- 
tive and educational talents devoting their entire 
career to academic pursuits to become a force mostly 
of youthful enthusiasm and of raw ability who 
wished to make anesthesiology the scientifically 
based discipline that it deserved to be. They worked 
hard to extend the benefits of those investigations to 
the care of patients who needed and deserved these 
attentions. There was a spirit of buoyancy, of pow- 
erful hope, and of great energy. There was also an 
important characteristic that marked many of the 
young leaders of the immediate post-war period. 
They had courage. Risk taking was known to be 
necessary and was entered upon with realistic reflec- 
tions of the possible outcomes. Great success can be 
gained but equally great failure can ensue if the 
risk-taking results in an adverse outcome. In assess- 
ing his tenth anniversary as Columbia University’s 
President, Michael Sovern quoted a favorite passage 
of his from William James on the subject of risk- 
taking (2): 


Not a victory is gained, not a deed of faithfulness is 
done, except upon a maybe; not a service, not a sally 
of generosity, not a scientific exploration or experi- 
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ment or textbook, that may not be a mistake. It is only 
by risking our persons from one hour to another that 
we live all. And often enough our faith beforehand in 
an uncertified result is the only thing that makes the 
result come true, 


There was ample evidence of the willingness to 
take the risks, because the past did not exist for most 
of the then young academicians in an important 
sense. Their future was one of brimming optimism, 
and their leaders were young, vigorous, and commit- 
ted to a future boundless in scope. There was no 
possibility that the academic anesthesiologists of the 
immediate post-war period would be lulled into con- 
tentment with their present condition because of a 
good past. It simply did not exist in a serious way for 
them and, therefore, there were no weighty impedi- 
ments to thinking ahead for the future. 

This environment of optimism among a relatively 
small group of academicians had its counterpart 
among the clinical practitioners of anesthesiology but 
was differently arranged in priority and differently 
organized with respect to functions and goals. Prac- 
titioners in anesthesiology came back from the war 
finding a society in which their services were re- 
quired far beyond the possibilities of numbers to 
satisfy. Young surgeons and others were deeply 
impressed by the contributions to patient welfare that 
could be provided by skillful clinical anesthesia. It is 
possibly because of the fact of short supply of com- 
petent anesthesiologists that an extreme position 
began to be noticed and apparently adopted as func- 
tional policy, if not official policy, by the controlling 
establishment in anesthesiology (although there were 
those who claimed it to be official). The practitioners 
of anesthesiology could use their new-found shortage 
of supply and high desirability as market forces to 
rectify the injustices of their economic oppression (as 
they viewed it) in the pre-war period by hospitals and 
similar institutions. An expression of these clinical 
market forces was a decision made to adopt a docu- 
ment known as the Hess Report of the American 
Medical Association (3) as policy. This report stated 
in part (chapter M, Article VI, Section 6): 


Economic Bases Between Academic 
Anesthesiologists and Anesthesiologists In 
Private Practice 


A physician should not dispose of his professional 
attainments or services to any hospital, lay body, 
organization, group or individual, by whatever 
named called, or however organized, under terms or 
conditions which permit exploitation of the services 
of the physician for the financial profit of the agency 
concerned. 
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This section was interpreted by the officers of the 
American Society of Anesthesiologists (ASA) and the 
Directors of the American Board of Anesthesiology 
(ABA) in such a way that salaried forms of the 
practice of anesthesiology were deemed to be uneth- 
ical. Attentive reading of the approved Hess Report 
does not support this interpretation so clearly. 

Further on, the American Medical Association’s 
(AMA’s) House of Delegates report states under 
“additional guides,” in teaching hospitals where 
there is research and education, that “the financial 
arrangements if any between the hospital and the 
physician properly may be placed on any mutually 
satisfactory basis” (3). Adjudication of conflicts, if 
needed, was recommended to be performed, where 
possible, on a local level. 

Little recognition was given then or, for that mat- 
ter, now about the dangerous irrelevancy of linking 
ethical behavior of a physician in practice to the 
manner in which he or she earned a living as a matter 
of principle. It is how these practice patterns are used 
that determines whether the method leads to inequi- 
ties and to abuse of patient care rather than the 
process itself. Whatever the elements were, it was 
strongly believed by the University group that earn- 
ing a living on a salary was the most agreeable 
arrangement to them at the time (despite dreadfully 
low salaries in many institutions). They behaved in 
this manner because there was a concomitant free- 
dom from the necessities of schedules that impacted 
negatively on their time for scientific research and for 
education in favor of meeting the exigencies of a 
clinical schedule designed always by someone else 
and never under the control of anesthesiologists. 
Practitioners, who were vastly in the majority then 
and now, were of a different mind. They intended to 
retain the money that they believed they had prop- 
erly earned, rather than have it distributed into the 
general coffers of a hospital or institution that may 
have profited by their efforts. 

So intent were the practitioners of that period on 
enforcing this change that they attempted to require 
of every anesthesiologist who sought certification by 
the ABA that he or she be a member of the ASA and 
conform to the requirements of fee-for-service meth- 
ods of earning a livelihood. The actual statement was 
that an applicant to the ABA must “be a member in 
good standing in the American Medical Association, 
the state and local county medical society or compa- 
rable national medical society approved by this 
Board. He (the applicant) must be a member in good 
standing of the American Society of Anesthesiolo- 
gists, Inc.” (4). This requirement was omitted in the 
booklet of information published on November 1, 
1953, eliminating the matter that appeared to be of 
serious concern to university anesthesiologists. In 
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fact, there never was secession from the ASA by the 
University group, although there were many prob- 
lems between the practitioners’ views and those of 
the academicians from 1950 until the AUA was orga- 
nized in 1953. 


The Gathering Storm 


The matter achieved some considerable notoriety as 
well as serious concern on the part of academic 
anesthesiologist in that one of their number, a person 
of distinguished military performance in anesthesia 
during the war, as well as possessing a strong aca- 
demic background in having come from the academic 
environment of the Mayo Clinic (Lloyd Mousel), was 
threatened with the loss of his Board certificate be- 
cause he was working on a salary (5). There were 
other academicians who were prevented from joining 
the component societies of the ASA for similar rea- 
sons. One such example occurred in the component 
societies that comprised Maryland, Virginia, and the 
District of Columbia, in which an anesthesiologist 
from Johns Hopkins’ Anesthesiology Division was 
refused membership in the component society and, 
therefore, the ASA for accepting a salary. The gath- 
ering storm was aggravated by extremists of the 
anesthesiology practitioner establishment of that pe- 
riod as well as by the excessive reactivity of some of 
the academic people. 

An irony that is obvious, even to the passing 
observer, is the fact that the fee-for-service system 
modified by group practice features has actually 
prevailed even in most of the universities today, 
whereas it was viewed with dangerous alarm by the 
academicians at that earlier time. The current system, 
in turn, has led to other serious abuses in that instead 
of hospitals exploiting anesthesiologists, some anes- 
thesiologists are now engaged in the dubious distinc- 
tion of exploiting each other. The closed contract 
between the central power structure or the leadership 
of a group of anesthesiologists with an institution and 
the subsequent imposition of unfair and poor salaries 
on junior anesthesiologists (more common in private 
clinical practice than in academic organizations to- 
day) is the hallmark of how the human condition 
seems often to opt for base behavior given an oppor- 
tunity of free choice. This observer recognizes that 
these comments are perhaps too cynical, a problem 
generated because one becomes attached to one’s 
biases. As Alexander Pope, the distinguished 18th 
century poet, put it (6): 


To observations which ourselves we make 
We grow more partial for the observers sake. 


ame 
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These and other forces that molded the conception of 
the AUA and its ultimate delivery and birth are best 
understood by examining the correspondence that 
most of the featured players of the formative period 
had with and through Austin Lamont who func- 
tioned as a collecting center for a vast correspondence 
as well as, as he puts it, “the placing of confidences in 
him that would not otherwise be told.” Lamont 
would probably feel some of those confidences 
should never have been breached. It seems to me that 
the story is better understood if both the actual 
statements of the players, where appropriate and 
useful, are studied at this time, some 38 years later, 
and are, to the degree possible, interpreted in the 
rather strong light of those turbulent times. 


The Lamont File of Correspondence 
Leading to the Formation of the AUA 


People of stern conviction are often afflicted with the 
inability to engage in a dialogue. At the time when 
they are neither talking nor writing, they are neither 
listening nor reading but simply waiting for the next 
opening to talk or write. This characteristic was true 
of all participants in an activity as fraught with 
controversy as was the genesis of the AUA. How- 
ever, lest there be undue stress upon the fact that the 
AUA’s beginnings were only the reaction to heavy- 
handed enforcement of a relatively archaic issue even 
then, i.e., the way one earns a living, it is essential to 
examine all the other issues and needs, especially the 
positive forces of university work, to understand how 
it all began. In the mind at least of this observer, there 
is little question that the AUA would have been 
organized sooner or later without the stimulus that 
was provided by the practitioner element in anesthe- 
siology in insisting on a fee-for-service basis as one of 
the requirements of holding an ABA certificate. There 
was, after all, a modest-sized (compared to the 
present) but growing group of individuals interested 
and curious about the scientific underpinning of 
clinical anesthesiology. Many of them wished to have 
the opportunity to study important physiological and 
other functional changes in the human organism 
during the massive effects wrought by the powerful 
drugs and chemicals that are anesthetic agents. There 
was also a sufficiently strong group of people who 
were interested in imparting the knowledge that they 
or others had accumulated in a systematic way, i.e., 
teaching. They strove hard to improve the education 
of new people coming into the field of anesthesiol- 
ogy. These pressures were increasingly apparent and 
these aspirations were increasingly legitimate, as 
more and more people became interested in the 
science and education needed in anesthesiology. 
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Despite these positive and healthy factors, there is 
an opening salvo of anger in the Lamont correspon- 
dence by Henry K. Beecher. In due course, as will 
become evident, the formation of a group of friendly 
colleagues, at first groping their way to a solution of 
their common problems and later providing clear and 
powerful leadership for their goals, emerged from the 
mixture of conflict with external forces and the salu- 
tary responses to internal needs. 

On November 17, 1950, Henry K. Beecher wrote to 
Austin Lamont at the University of Pennsylvania 
about his anger and discouragement about the pres- 
sures put against academic anesthesiology. Part of 
the emphasis of Beecher’s interest and accomplish- 
ments is reflected in the title on this letterhead where 
he is self-characterized as the Dorr Professor of Re- 
search in Anaesthesia and Anaesthetist-in-Chief. Re- 
search is what the occupant of the Dorr Chair did in 
his work. After attending two meetings on anesthe- 
siology (one in Miami Beach and one in Houston), he 
says to Lamont (5): 


It is perfectly clear that a tight little fascist dictatorship 
is being set up while the rest of us with any liberal 
views whatsoever stand idly and helplessly by. 


Later on in the same letter, Beecher writes (5): 


Surely more important is the legislation designed to 
club all individuality into a mold. I find it impossible 
to believe that the ardent campaign against salaried 
individuals will not be turned against those in uni- 
versity positions when earlier battles are won, etc. 
etc. 


Beecher concludes his letter by suggesting to Lamont 
that the latter lead a group in the form of a loyal 
opposition that could be made effective “in an orga- 
nization to be called something like Association of 
University Anesthetists” (5). Beecher, thus inspired 
by the anger against what he believed to be philistinic 
behavior of the practitioner power structure, advo- 
cates a loyal opposition, but views it, perhaps para- 
doxically, to be expressed in the form of a new 
association that will become the AUA. 

Some of the change in attitudes over the last 41 
years toward academic anesthesiology may be seen in 
the change of title of Beecher’s successor, Richard J. 
Kitz. The latter uses the title of Henry Isaiah Dorr 
Professor on his letterhead. Dr. Kitz views himself as 
the head of an enterprise that encompasses research, 
teaching, and patient care directly in the way his title 
is expressed. This larger view is a reflection of the 
change of the times. It is one of the successful stories 
of evolution probably aided by increased substantive 
recognition of the values of academic anesthesiology. 
The AUA played an important role in this transition 
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from then to now throughout the country, symbol- 
ized by a letterhead change of title. 


The Sense of Urgency Developing in 
Academic Anesthesiology 


All of the Lamont correspondence reads, if one 
studies datelines, as though the correspondents 
sensed a high level of urgency to communicate. No 
time is allowed for lapse between letters. Lamont 
replies to Beecher on the November 21, 1950, 4 days 
after Beecher’s letter was written, not counting time 
to be mailed and received. Lamont agrees with 
Beecher that the news of economic pressures on 
anesthesiologists in universities is deplorable. At the 
time of his first reply to Beecher, Lamont believes that 
all of the commotion is exaggerated and he does not, 
at first, think that an organization of university anes- 
thetists would be necessary or wise. His views, of 
course, were to change rapidly in the next few 
months. In fact, Lamont’s initial reaction was to say 
in effect that it was possible to satisfy the economic 
pushes of the power structure of the ASA by estab- 
lishing what he called “partnerships in universities.” 
It was an attempt to “window dress” (in his words) 
the salary question, which he later withdrew. 

There appears to have been a lull in activity, 
judging from the Lamont correspondence, in that 
there are no further communications during 1950 and 
there are no letters amongst the principals, Beecher, 
Dripps, Lamont, and Papper in all of 1951. Clearly, 
there must have been some form of action during this 
interval of some 14 months, perhaps by telephone or 
conversations during medical meetings, as the re- 
sumption of the correspondence reflects that there 
was interim thinking about the problems of univer- 
sity anesthesiologists. My own files and notes and 
my recollections do not cast any further light or 
information upon this period during which no letters 
appeared in Lamont'’s files. 

Letter writing was resumed with the letter of 
February 15, 1952 from Dripps to Papper in which 
Dripps proposes a modest model of the Society of 
University Surgeons for university anesthesiologists 
in which a small group of institutions could get 
together to discuss scientific research, either alone or 
in collaboration with basic scientists. He suggests a 
group consisting of Harvard, Columbia, Hopkins, 
Washington (St. Louis), and Pennsylvania as a begin- 
ning. He indicates that his thinking at that time was 
tentative and he would be happy and willing to have 
suggestions of other activities (7). In rapid reply, on 
the 19th of February, Papper’s response to Dripps 
reflects his opinion that a larger group is a much 
better one for anesthesiology. He is strongly in favor 
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of a group of academic anesthetists rather than one in 
association with surgeons. Papper comments about 
having seen Beecher just before this exchange of 
letters, and he also-urges the establishment of a 
university group (8). The correspondence from this 
point on continues at a hectic pace and with unabated 
vigor. A principal advocate of a new association in 
some form is seen in a letter from Beecher on Febru- 
ary 26, 1952, to Lamont (9): 


nevertheless my telephone continues to ring with 
discordant wails from all over the country. The most 
recent funny business has been going on at the 
University of Utah where apparently Scott Smith is 
involved on the side of union tactics. 


He concludes his letter with being willing to form a 
travel group rather than a new society and to collab- 
orate with others in opposition to the heavy-handed 
tactics he observes in the power structure of the ASA. 
Beecher’s inclination, at that time, was to seek alli- 
ance with powerful groups in surgery whose views 
he thought would be most supportive of the positions 
and the needs of academic anesthesiologists against 
the heavy-handed “oppression” of private practition- 
ers in anesthesiology. On Leap Year Day on 1952, 
Papper, in a short letter to Dripps, reaffirms his 
position in support of a larger, rather than a smaller, 
group for a new association, citing the real needs of a 
society to work on the mutual problems of research 
and teaching (10). 


An Early Agenda for the Formation of the 
AUA Proposed by Beecher, Dripps, 
Lamont, and Papper 


On March 3, 1952, Lamont writes to Beecher and 
presents to him an 11-point program in draft form 
with which he and Dripps are in agreement and for 
which Beecher’s support is sought. Papper’s views 
were also put forward as being in essential agreement 
with the major goals of our group of four (Beecher, 
Dripps, Lamont, and Papper) but repeating his desire 
to have a rapid evolution to a national organization. 
Lamont, in his letter of March 3, 1952, presents the 
proposals (11): 


1. An organization composed of the anesthetists in 
some of the universities would be desirable. 

2. Such an organization should start in a very small 
and informal way, perhaps as a travel group, as 
you (Beecher) suggest. 

3. As a start, these might be included—Harvard, 
Columbia, Pennsylvania and two or three others 
who conduct effective research. 


a. 
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4. The primary purpose of such a group is the 
exchange of information regarding research. 

5. For this reason membership in the group should 
be rather limited. 

6. The consideration of other matters of interest 
(e.g. socio-economic relations, residencies, teach- 
ing, etc.) should have no place in the programs of 
the group’s meetings. There is no reason, how- 
ever, why the members of the group should not 
decide informally among themselves to stay over 
an extra day to discuss these matters if they wish. 
(This view was later abandoned.) 

7. Should the members of the group eventually 
prove to be sympathetic and congenial and 
should the matters mentioned above in number 6 
be still of moment at that time, consideration 
should then be given to enlarging the purposes of 
the group. (This view prevailed later.) 

8. But, at least as regards socio-economic matters, it 
seems likely that any stand this group might 
adopt would be supported by a considerable 
number of anaesthetists (university or otherwise) 
who would not be eligible for membership in the 
group. (A reflection of the need to address real 
issues faced by all academicians.) 

9. Consideration of these other matters and action 
upon them can at present be affected as we are 
now doing. 

10. Formation of a group interested in research 
should not be postponed simply because there 
may be opposition. 

11. As far as organizational matters are concerned, if 
such a group is formed, its first job should be to 
define carefully standards of eligibility for mem- 
bership and procedures for election. 


Clearly, Lamont’s and Dripps’ points of view empha- 
sized the importance of small size of the group, a 
concentration of research activity, and an unwilling- 
ness to include teaching or other matters unless, later 
on, the group feels that attention should be given to 
them. There is, nonetheless, open-mindedness about 
the possibilities of including such matters as teaching 
and education, as well as considering what are 
lumped together as “socio-economic matters.” As 
time goes on, the correspondence gets more and 
more crystallized toward what eventually became the 
AUA. Its initial interests in teaching and research 
were expanded to include items properly included 
under the aegis of university problems and issues. 
One day later, on March 4, 1952, Dripps writes to 
Papper, still wanting a small research group rather 
than a larger group. He also advocates as much 
informality as possible and wishes to keep the orga- 
nizational structure streamlined and simple, and the 
meetings relatively compact and short. He also im- 
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presses upon Papper his own need to be in Philadel- 
phia and working with his Pennsylvania research 
program more closely. He says, therefore, he would 
be jealous of any time he would have to spend upon 
a much larger enterprise than the original thoughts of 
the small research group of interchange of experi- 
ences. He suggests, tactfully and parenthetically ina 
sermonette to Papper, that as the latter’s responsibil- 
ities increase, he will face the same problems. He 
writes (12): 


I believe that as your responsibilities grow outside of 
your own department and university, you will appre- 
ciate why I take such a strong stand on this. As soon 
as you have to go to Washington for various commit- 
tee meetings, leave the country on Army inspection 
tours and so forth, you will realize that additional 
meetings have got to offer you something, for you 
just will not have the time and energy to devote to 
them otherwise. 


However, Dripps had a more open mind about the 
objectives of anesthesiologists concerned with re- 
search states when he says in the concluding para- 
graph of the same letter: “Perhaps you, Beecher, and 
I, plus a few others should meet during the Federa- 
tion meetings in New York City and talk this whole 
problem over again” (12). 

In keeping with the speed and developing force of. 
the correspondence, Beecher responds to Lamont on 
March 7, 1952, about Lamont’s and Dripps’ memo- 
randum of the statement of purposes. In a concilia- 
tory opening paragraph, Beecher is very accommo- 
dating by agreeing to the approaches that Lamont 
and Dripps recommend to begin small and possibly 
enlarge later if things go well as Papper advocates. 
However, the short letter ends with anger. He says “I 
know anesthesia will suffer from the maneuvers of 
the unionists. All medicine too. It is a pity” (13). 

Beecher’s letter to Lamont of agreeing to think 
seriously about forming an association that would be 
small at first and then gradually grow also supports 
Papper’s idea to include problems other than re- 
search, such as teaching, and “socio-economic mat- 
ters” (not precisely defined nor limited). 

There were lively discussions at meetings and by 
telephone among the various people who were mem- 
bers of, but not necessarily representative of their 
organizations, i.e., the American Society of Anesthe- 
siologists, the American Board of Anesthesiology, 
and a group of active and vocal university people. 

Some of the voices now being heard were new in 
the discussions over whether a university group 
needed its own organization to satisfy its important 
concerns about its activities and responsibilities. 
These individuals eventually were elected to AUA as 
“first rounders” in Boston in 1954. 
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Failure of Efforts at Conciliation Between 
the University and Practitioner Groups 


In the autumn of 1952, Dripps wrote to Ralph T. 
Knight, the Chairman of the Department of Anesthe- 
siology at the University of Minnesota and the then 
sitting President of the ASA, in an effort to improve 
relations between university and practitioner anes- 
thesiologists. Dripps believed that it was a useful 
opportunity to clarify the needs of the University 
people and to persuade the ASA to address their 
grievances and concerns about being isolated from 
the mainstream establishment of anesthesiology. He, 
therefore, wrote directly to the President, who could 
have been very helpful as he was also a member of 
the university fraternity. It was a reasonable way to 
attempt reconciliation between the two groups. 

Knight was an individual who had worked hard 
and conscientiously to establish modern anesthesiol- 
ogy at the University of Minnesota in an environment 
that was difficult for anesthesiology. However, it was 
an important institution as the surgical activities at 
Minnesota under the leadership of the distinguished 
Professor of Surgery, Owen Wangensteen, presented 
many opportunities for significant progress in both 
fields. There are those who, at the time, believed that 
the reason Knight was appointed Professor of Anes- 
‘thesiology was because he: would cause no undue 
commotion against a tough and strong leadership in 
surgery. Unfortunately, comfortable collegiate rela- 
tionships between surgeons and anesthesiologists 
were still evolving at the time in some hospitals and 
medical schools. The role of the anesthesiologist as 
handmaiden had not yet died, nor was it replaced 
everywhere by mutual respect. Certainly, if one looks 
at Knight’s contributions to academic anesthesiology, 
they belong to that transition period between the 
early significant academic contributors like Waters 
and his “offspring” Rovenstine and a few others and 
the new wave of strongly scientifically oriented aca- 
demic anesthesiologists that was beginning to be 
evident after World War II. In short, Knight, while a 
university faculty member, thought and believed 
more like the mainstream establishment of practition- 
ers in the ASA. Therefore, Dripps’ representations to 
him were doomed to be unsuccessful, but they are 
summarized and considered here. 

On October 3, 1952, Dripps wrote to Knight stating 
that he needed to put in a letter the points he wanted 
to make because he thought that he might be too 
busy in Philadelphia to be able to join him in a quiet 
face-to-face talk. He represented his views as being 
typical of a small group, not identifying the rest of us 
in his letter. The letter is, on the whole, conciliatory 
and recognizes the importance of economic and po- 
litical justice for our specialty, which was the central 
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concern of the ASA at the time. He then states that 
the ASA’s preoccupation with economic matters pre- 
cludes its interest in anesthesiological science. Dripps 
writes to the ASA President (14): 


We do not believe that the ASA is taking advantage of 
those individuals interested in and capable of attack- 
ing the scientific aspects of the specialty. 


and further: 


In the past there have been abortive thoughts of an 
organization such as the Association of University 
Surgeons. In other words, we would form an Asso- 
ciation of University Anesthesiologists. There is in 
such an organization danger of a real rift and J, for 
one, have not been willing to be too enthusiastic until 
other possibilities were explored. 

I wonder if it would not be possible for some of us 
to discuss this matter with the Executive Committee 
of the ASA in an attempt at working out a solution 
and in avoiding a head on collision? In my opinion 
the ASA will be better if it is strong in all phases of its 
activities, not just in some. I would appreciate your 
thoughts on this matter. 


In keeping with the speed of reply by letter in 
those days, on October 10th (1 week after the date of 
Dripps’ letter) Knight arranged an agenda position 
for Dripps and any others who wished to come to 
meet the ASA’s Executive Committee in response to 
Dripps’ request to do so. Knight then goes on in his 
letter to support and defend the position of the ASA, 
whose program, some 2-3 years old at the time, 
concentrates on economic matters to rescue physi- 
cians from the position of being economically “op- 
pressed” by hospitals. This was said to be the moti- 
vation of anesthesiologists in the ASA to establish 
fee-for-service practice patterns among its members. 
Knight, while speaking of the emphasis on economic 
matters, also supports ASA’s interest in science by 
writing: “This should not nurture, and I do not 
believe it has nurtured a lessened interest in scientific 
development” (15). He says that the ASA meeting 
should have something for everybody in the mem- 
bership and that means diversity of program. Knight 
does not oppose the establishment of an organization 
for academicians and he writes in the same letter to 
Dripps (15): 


It is certainly understandable that University Anes- 
thesiologists might want to have meetings or an 
organization of their own. I do not think it would be 
detrimental to our society to do so and I do not think 

it would cause any rift. I do, however, believe it 
would be much better if their programs were within 
or continuous with the ASA meetings so that the 
whole membership could have the benefit of listening . 
and learning. 


A. 
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This conciliatory message seemed to state that the 
practitioner establishment wanted to continue to 
have university people in ASA’s programs or, if that 
was not reasonable and in the best interest of univer- 
sity scientific development, they (ASA) could accept a 
separate organization. There was hope for improved 
relationships and tolerance with healthy mutual un- 
derstanding. The quarrel between university acade- 
micians and clinical practitioners in anesthesiology, 
therefore, seemed to have been peacefully and com- 
fortably resolved without further ado. Such, how- 
ever, was not to be the case. The meeting between 
Dripps (and others he might invite) and Knight with 
the Executive Committee of the ASA was postponed 
because Dripps left for Korea on October 30th to 
conduct field studies of plasma expanders for the 
Surgeon General of the Army of the United States 
during the Korean War. No substitute date was 
suggested for Dripps to meet with the ASA’s Execu- 
tive Committee, and that meeting evidently never 
took place. I do not recall being invited to such a 
meeting nor attending it. 

Not long after this cordial exchange of letters, 
conflict seemed to have been rekindled by events that 
suggested that the ASA’s position was going to 
remain tough despite the apparently conciliatory 
views of its President. Beecher, on November 17, 
1952, in a letter to Lamont, discusses the matter of 
Georgetown University in Washington, D.C., where 
the ASA took a position declaring that the members 
of that Department were “unethical” because they 
worked for a salary. Beecher was considerably exer- 
cised about that incident and viewed it as serious. For 
the first time, there was some disagreement among 
the original group of four about the importance of an 
external matter. Beecher writes (16): 


I went to New York for the express purpose of seeing 
Papper. I was dismayed to hear him say that he did 
not think the matter was very important, at least as 
far as Georgetown was concerned. That matter was 
and is important to me because it was the first time 
the unionists had attacked a university hospital 
which had had the salary system. You will recall that 
they had said that they would not do this. 


Beecher then proceeds to state that there has been a 
return of agreement among the original four, in the 
light of further discussions, and he writes to Lamont: 
“I am extremely pleased that Papper believes that 
these matters are important and he is, as I under- 
stand it, eager to do something about them” (16). 
Beecher then reiterates the need for a separate uni- 
versity organization once again and urges that Pap- 
per and Dripps come to some agreement about their 
present differences of view with respect to the size of 
the prospective organization. Dripps favored a 
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smaller organization and Papper, a larger one. In the 
same letter, Beecher sought outside support for the 
position of the university anesthesiologists from a 
strong figure in academic surgery and from the AMA. 
He describes his activities (16): 


Because I thought the matter was so urgent and 
because nothing else seemed to be happening, I 
wrote a letter to a surgical friend of mine (Evarts 
Graham). He was much agitated and took the matter 
up with the Board of Regents of the American College 
of Surgeons, with the American Surgical Association 
and with Donald Anderson of the American Medical 
Association. ... The end result of this is that we 
have a strong body of support in other quarters of 
medicine. 


Beecher furnished Lamont with a copy of the letter 
that he had written to Dr. Graham, which describes 
in part the great concern that Beecher had about how 
things were going with respect to viewing a salary 
position as being unethical and, therefore, not accept- 
able to the establishment in anesthesiology. In a letter 
that is undated but presumably was written in the 
autumn of 1952, he writes (17): 


A good many prominent anesthetists have decided 
that it is unwise for any man to accept a salary “from 
a lay corporation”, i.e. a hospital or a university. 
They are busily imposing this curious point of view. 
_ Their chief weapon is a threat that the young man 
will never be certified by the Board if he takes a 
salaried position. These anesthetists have said they 
had no intention of altering university arrangements 
already in effect. Frankly, I never believed this state- 
ment. Proof is now at hand that it was not sincere. 


The Role of Distinguished Surgeons and 
the AMA 


Beecher’s very strong efforts to seek outside help 
from people prominent in medicine and surgery 
resulted in the agreement by distinguished surgeons 
to support the university anesthesiologists’ positions. 
There was also a conciliatory letter to Beecher from 
Dr. Donald Anderson, then the Secretary of the 
Council of Medical Education and Hospitals of the 
AMA, that the Council and the ABA were in agree- 
ment that there can be no economic pressure on the 
Board’s Diplomates relating to the issue of salary vs. 
fee-for-service practices. 

In a letter dated October 13, 1952, Anderson wrote 
to Beecher (18): 


The Council made it clear that it would not tolerate 
being a party even indirectly to such activities (i.e. 
economic pressures). The representatives of the 
American Board stated that the Board had not been a 
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party to such activities and viewed them in the same 
light as did the Council. 


A joint statement from the Council and the Board was 
subsequently issued to this effect. 

Four days later, on October 17, 1952, Beecher 
replied to Anderson. Beecher, in effect, stated that he 
did not doubt the position of the Board officially nor 
that of the AMA Council, but he maintained that 
individuals in the power structure of political anes- 
thesiology were using their Board Directorate posi- 
tions to undermine the joint statement. He states his 
disbelief in the efficacy of the joint statement in this 
fashion (19): 


I do have reason to believe that men who are active in 
the politics of the Board and of the American Society 
of Anesthesiologist have been responsible for threats 
being made that certain individuals would not be 
certified by the Board if they took salaried posi- 
tions. ... I do not believe it or any such statement 
will get to the root of this serious problem. It might 
help if the Board members were asked to sign the 
statement as applying not only to joint Board action 
but as representative of their own beliefs. I strongly 
suggest that this be done. 


It is interesting that the Hess Report, which was 
the foundation document of the ASA establishments 
economic pressures, was not in the opinion of Ander- 
son, the document that ASA alleged it to be. In a 
letter to Beecher on October 24, 1952, Anderson says 
(20): 


The history of the Hess Report is a long and confus- 
ing one. Perhaps I can best sum it up by saying that 
three or four years ago certain specialty groups en- 
deavored to stampede the American Medical Associ- 
ation into enforcing certain rigid economic practices 
favored by these groups. From the start the issue was 
hotly debated with the more mature and responsible 
leaders of the AMA opposing this move. 

At one stage, .a version of the Hess Report was 
adopted which did place the AMA in such a position. 
However, no action was taken by the AMA to imple- 
ment this feature of the report. Rather the responsible 
leaders of the AMA worked diligently for the adop- 
tion of a new version of the report which would not 
put the AMA in the position of enforcing economic 
practices. This new version, a copy of which is 
enclosed, was adopted in 1951 and I believe will 
stand as the AMA’s policy in the relationships of 
hospitals and physicians. (No copy was found in the 
Lamont files. A copy of the 1950 action of the AMA 
on the Hess Report was supplied by Dr. James Todd, 
the current Executive Vice President of the AMA.) 

I think you will agree that the report in its present 
form does not in anyway justify those who would 
disrupt university departments, although it is possi- 
ble that there may be individuals or groups who are 
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attempting to misinterpret the report to further their 
own ends. 


The Discussion With the AMA 


At the conclusion of this exchange of letters between 
Anderson and Beecher, the latter almost in the fi- 
nality of discouragement does not accept Anderson’s 
views even though he understands that Anderson 
did the best he could. He writes to Anderson (21): 


I would be less than honest if I led you to believe that 
I thought it would accomplish a single thing. I know 
the men on the Board very well indeed and I cannot 
believe that a single one of them will be deterred in 
their individual actions by this joint statement. How- 
ever, please do not construe this letter as harshly 
critical. I know that these problems are complex and 
I do not doubt that you are doing the very best that 
you can to solve them. 


That is where the conflict over salaries and fee-for- 
service practice stood on October 29, 1952. 

At the end of this period of exchange of letters 
between Beecher and Anderson, which resulted in 
any uneasy impasse, Lamont collected a summary of 
current views from Beecher, Papper, and perhaps 
others whose names are not mentioned to provide a 
memorandum for Dripps who was still in Korea with 
the Army. 

In the memorandum that Lamont prepared for 
Dripps on November 17, 1952, he described the joint 
statement by the AMA Council on Medical Education 
and Hospitals and of the American Board of Anes- 
thesiology. Among the points mentioned in a reading 
of the joint statement by Roland Whitacre (an ABA 
Director) were (22): 


The Council and the Board consider the matter of the 
financial arrangement that may exist between the 
hospital and its anesthesiology staff one that is not 
within their proper purview, provided the relation- 
ship between hospital and physician conforms to the 
policies and the Principles of Medical Ethics of the 
American Medical Association. 


It was on this statement that the issues of conflict 
were to be drawn, as many in the university group, 
Beecher most emphatically, neither trusted nor ac- 
cepted the integrity of the commitments made in the 
joint statement. Our group of four continued to 
receive evidence that salaried practice was unaccept- 
able to the ASA power structure. In his memoran- 
dum to Dripps, Lamont states that Whitacre affirmed 
the fact, in response to a question posed to him, that 
if an anesthesiology staff is not in conformity with the 
principles of the Hess Report its residency would be 
disapproved. Whitacre’s reply was inflammatory un- 


of 


ANESTH ANALG 
1992;74:436-53 


der the circumstances, and thus began the heat of 
conflict once again. In the memorandum for Dripps, 
Lamont describes the negotiations that Papper had 
been carrying on with Drs. B. B. Sankey and R. 
Whitacre of Cleveland, Ralph Knight of Minneapolis, 
and others with respect to the position of university 
departments. Lamont says (22): 


He (Papper) thought he was making good progress 
towards an arrangement that would satisfy everyone, 
and he had made plans to have Sankey meet in 
December or June with a number of representatives 
of university departments. These conversations had 
been continued up until twelve hours before Whita- 
cre’s statements to the Delegates. Papper was there- 
fore very surprised and upset by W’s (Whitacre) 
statement. He is sure that W knew of his conversa- 
tions with Sankey because the two are very close 
professionally and socially (their wives are sisters). 


Lamont proceeds to summarize the views of those 
present. He writes (22): 


Papper now feels that the university people should 
get together to discuss the matter. . . . He feels that 
whatever we do should be perfectly open and that 
probably a larger group would be better than a 
smaller one... . 

Beecher, as you know, has been convinced for. 
some time that these men (Whitacre et al.) are deter- 
mined to do as much mischief to the specialty as they 
can. He thinks we should get together to discuss the 
matter and he also believes we should get on with 
forming of a group of university people, as I have 
suggested under A. below. 


The Decision Is Firmly Made to Establish 
the AUA 


In summarizing all of these discussions and the 
status quo for Dripps, Lamont writes (22): 


A. We would proceed forthwith to organize a small 
group of university anaesthetists (and please let’s 
not call them University Anaesthesiologists!) 
which will meet at least once a year to present 
papers and to discuss research projects in prog- 
ress. These would be closed meetings. 


Either just before or just after each meeting the 
heads of departments who wish to do so could 
meet to discuss administrative and other matters 
of interest to them. 


B. ... Another principle is that a private organiza- 
tion like the Board should not have such power as 
it apparently seeks, to interfere with and to exer- 
cise coercion in regard to those aspects of our life 
which we Americans have always held to be our 
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own business so long as we obey the law of the 
land. 


Under Item C of the memorandum, Lamont believes 
that we should set up our own certifying examina- 
tions under joint university auspices if the Board 
takes steps to approve the residencies in anesthesiol- 
ogy. He even perhaps somewhat wistfully adds if all 
else fails we should seek external help. 


Perhaps we could join with the surgeons in certifying 
anaesthetists (22). 


The Lamont memorandum concludes, finally, with a 
behavior pattern recommended to university people 
in forming the new association (22): 


C. Because the university people tend to be more 
individualistic and because we probably each 
have our own idea of the proper path for the 
specialty, it would not surprise me to find consid- 
erable areas of disagreement among us (evidently 
still present!) in so far as we can we must assume 
that everyone of us is acting solely with the good 
of the specialty in mind. We must try to look at 
the matter in the round and not just from the view 
point of our individual situations. . . . This is not 
a matter of ethics nor of religion, but rather 
something that history has proved many times. 
By giving up ourselves to something greater than 
our selves, we ourselves become something 


greater. 


Lamont cannot resist his return to earth in a slightly 
self-mocking deprecation of his lofty principles as he 
says (22): 


When I hear my grandfather talking I know it is time 
to stop. 


The next day, on the 18th of November, Lamont 
resumes his correspondence with Beecher and gently 
reproves the latter for his excessive vehemence and 
perhaps his impulsiveness. He writes (23): 


I think we must be very cautious about making 
charges we cannot prove. I haven’t heard recently of 
any threats, though I knew of at least one in this city 
some years ago that I could prove. If we hear rumors 
of threats let's try by every means to track them down 
and get the facts, preferably in writing. 


Two days later, on November 20, 1952, Lamont, in 
another letter to Beecher, provides him with a small 
list of suggested people for membership in the new 
association. Unfortunately, the actual list was lost 
and it cannot be determined who Lamont may have 
had in mind for initial membership beyond the group 
of four then working on the problems of university 
activities. 
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Evidently, the problems were becoming more 
widely known. It is certain that Dripps and Lamont 
discussed these matters with their colleagues in the 
Pennsylvania Department. On November 21, 1952, in 
a letter to Lamont, Eckenhoff, then a senior colleague 
of Dripps’ at the University of Pennsylvania, advo- 
cates the formation of a small informal group consist- 
ing of the departments of anesthesiology at Harvard, 
Columbia, and Pennsylvania to meet without any 
formal structure. The activity he thought should be 
entirely research oriented and informality should be 
the keynote of the pattern of the meetings. Eckenhoff 
valued the plan of informality in dealing with re- 
search matters, but also felt that this structure would 
minimize, if not eliminate, objections by others to the 
activities of the university groups mentioned (24). On 
December 1, 1952, after receiving Lamont’s memo- 
randum of the points made by Eckenhoff, Papper 
agreed to the idea of informality of the organization at 
its beginning, consisting of the three institutional 
departments that were recommended by Eckenhoff. 
He goes on to describe his vision of a larger organi- 
zation by writing (25): 


However, I have been among those who felt that a 
larger group of people interested in research in anes- 
thesiology was desirable. I believe that Bob (Dripps) 
and Harry (Beecher) are not in accord with this 
thought for reasons we have all discussed previously. 
However since a beginning must be made some- 
where, I would like to go along with your thought 
that we meet in Philadelphia on April 3rd from just 
the three departments, to discuss at large among 
other things, what form such a group should take. | 
should like to consider that an open question at the 
present time. 


Papper’s reluctance to go along with the informal, 
small group began, in a short time, to be shared by 
others as events began to mount in frequency and 
intensity. On December 10, 1952, Lamont prepared a 
memorandum report of conversations and correspon- 
dence for the Pennsylvania Department. His opin- 
ions of the issues at the time are illustrated by a few 
excerpts from his report. The quotations illustrate not 
only the intensity of feelings at the time, but the fact 
that individuals of the original group of four, other- 
wise thought to be strong and determined and even 
stubborn in their views, show evidences of accepting 
the need for change with the evolution of events. 
There is also a clear reflection of some of the volatility 
and instability of the times in that these otherwise 
determined individuals seemed to be movable occa- 
sionally from previously fixed positions. Lamont, 
among other statements made to the Pennsylvania 
Department, says (26): 
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Papper thought a small group might be open to 
charges of snootiness, oligarchy, etc. But he will go 
along with (the) small group idea to see how it works. 


Lamont, in relating these relationships to the other 
organizations in anesthesiology, writes (26): 


Papper emphasized that the only long term solution 
of our problem within the existing frame work lies in 
our seeing to it that men of high standards are elected 
to the Board and to office in the ASA. . . . It will take 
a lot of work and results will be slow in appearing. 
Papper is unwilling to consider any solution that lies 
outside the existing framework. 


Papper’s attitude apparently changed several 
times and appeared to be one of vacillation between 
accepting the established framework and rejecting it. 
This indecision evidently -was a reflection of his 
uncertainty of the time, as to whether the long-term 
benefits accruing to academic anesthesiology would 
best be served in a separate organization or within 
the existing establishment. Papper may have re- 
sponded to the ironic observation of Jacques Barzun 
who was and is his mentor and close friend (27): 


... The simplest way to stop the transacting of 
business and split the ranks is to appeal to a princi- 
ple. 


He might also have been persuaded by the comment 
of Oscar Wilde in retrospect (28): 


Experience is a name everyone gives to their mis- 
takes. 


Were we doing something unproductive in our ob- 
sessions with the hostile forces of the ASA? There 
was little doubt as events unfolded by the end of 1952 
that the best course for university development in 
anesthesiology in the post World War II period was to 
establish an independent organization. Beecher’s 
view in the Lamont memorandum of December 10, 
1952, although stated with excessive force, was one 
that was quite appropriate to the events of the time. 
Lamont cites Beecher as follows (26): 


Beecher would like us to be a band of brothers sworn 
to find the solution even if it is meant going outside 
the existing framework. 


In terms of self-reliance, the principles important to a 
society that had become entrepreneurial were also 
relevant to the now evolving new organization (26): 


Beecher and Papper felt that we should not seek 
support outside the specialty unless it becomes evi- 
dent that we cannot make real progress on our own. 


g 


ANESTH ANALG 
1992;74:436-53 


The Rapid Gathering of Support Among 
University Anesthesiologists for the 
Formation of the AUA 


This is a change of .view for Beecher in view of his 
previous seeking of support from powerful individu- 
als in the field of surgery. 

As the correspondence was beginning to crystal- 
lize more definitely on the need for a separate as- 
sociation with other questions being left open for 
further consideration, there existed, almost simulta- 
neously, a similar but not very vocal group of 
younger people in anesthesiology who were thinking 
also that they had need of each other professionally 
and perhaps personally as well. Harmel, on Decem- 
ber 23, 1952, wrote to Lamont (who was one of his 
close friends and former mentor at Hopkins) that 
some of the discussions in our group of four, whom 
he termed “Old Turks” had become known to the 
anesthesiologists on the Board of Directors of the 
New York State Society of Anesthesiologists. Dr. 
Harmel, who, at that time, was Chairman of the 
Department of Anesthesiology at Downstate Medical 
Center in New York City, reflects on the possibility 
that there may be a split between the university 
group of anesthesiologists and the larger numbers in 
the specialty who are engaged in private practice. He 
does not seem overly concerned about any risks that 
may be involved. He believes that some of the prob- 
lems we are seeing in academic anesthesiology are 
part of the problems of the world at large. He thinks 
(29): 


The cloister of the University is invaded and I think 
we must prepare, in some manner, to open our doors 
to new ideas, new approaches and an interchange of 
ideas which goes beyond the jealous guarding of 
secrets. Therefore, I think that this small movement 
amongst the “Young Turks” (Harmel and Artusio 
among others) to exchange ideas and confidences 
concerning the work and teaching is significant. It is 
a step toward the establishment of a University idea 
which goes beyond the archways of the campus. 


These groups of Old Turks and Young Turks were to 
become unified without any difficulty in the Associ- 
ation of University Anesthetists that was now des- 
tined to emerge in a matter of months. 

After the Christmas Holidays and the settling into 
the new year of 1953, Lamont’s files of correspon- 
dence take on a cast in which it seems more and more 
obvious that the conversations between the practi- 
tioner establishment in anesthesiology and the uni- 
versity groups were to be fruitless in achieving a 
compromise. It began to look as though Walter 
Gropius may have had us in mind in examining both 
groups when he said (30): 
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Specialists are people who always repeat the same 
mistakes. 


Possibly, even John Kenneth Galbraith was thinking 
of people like us, although he addressed a more 
universal phenomenon when he wrote (31): 


Meetings are indispensable when you don’t want to 
do anything. 


Beecher, in his letter of January 22, 1953, to Lam- 
ont reflects the impasse with respect to reaching an 
accommodation with ASA and ABA officials. He 
writes (32): 


I thought this was a terribly depressing conference 
(with ABA Directors in Cleveland). I could not see 
that a single thing was accomplished in three hours in 
any constructive way. I came away with a heavy 
conviction that the only reason “they” consented to 
meet with us is because they believed they could 
“explain” the situation to us so that we would em- 
brace their point of view and stop being so trouble- 
some. 


He concludes (32): 


I should think we had better proceed quietly and 
straightforwardly with the plans for the university 
anesthetists. 


The decision to establish the AUA was, therefore, all 
but completed. There was no longer a possibility of 
finding a compromise approach to furthering the 
needs and interests of university anesthesiologists 
with respect to their practitioner colleagues. 

The emerging pattern of increasing firmness 
among the group about the need to form AUA 
because of the external pressures that were highly 
negative and were imposed by the practitioners in 
anesthesiology is reflected in a letter of March 2, 1953, 
from Dripps to Papper. He writes (33): 


I suggest that we form a Society of University Anes- 
thetists, as we have all been discussing and believe 
that we should form it at once. 


The Problem of Selecting Charter Members 
for the AUA 


Dripps was a person of firm convictions and often 
appeared to possess black-and-white views of issues 
and people—a quality that was very appealing to me 
and to many others, but sometimes could be discon- 
certing. In that letter from Dripps to Papper he is very 
specific about people that should not be invited and 
others that should. As the correspondence is open to 
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anyone who chooses to read it, those individuals that 
care to study Dripps’ opinions about people are 
urged to have a look at this letter. He thought that the 
creation of the AUA would see widespread receptiv- 
ity in most of the then departments or divisions of 
anesthesiology at universities, and he named some 
specifically. On the negative side, Dripps suggests 
that because of the hostile leadership in those insti- 
tutions it is pointless to expect favorable replies from 
the Departments at Utah, Iowa, Oregon, Minnesota, 
and Hahnemann. Dripps does not expand on his 
reason for noting the expectation of refusal by some, 
and he also states that he does not believe that they 
should be invited in any case. Some of the opponents 
to the idea of the AUA were to be found in those 
institutions; but at least in two instances, Dripps’ 
views were possibly personal rather than profes- 
sional. Those were in Iowa led by Dr. Stuart Cullen 
and in Oregon whose chairman was Dr. Frederick 
Haugen. There is nothing further in the correspon- 
dence that explains Dripps’ attitude about those two 
institutions. My own recollections cast no further 
light on the subject. In point of fact, as will be seen, 
Cullen and Haugen attended the meeting of the first 
round of elected members and were always support- 
ive of the AUA from the beginning (33). 

Dripps also, in the same letter to Papper, drafts a 
proposed letter to those who will be invited to join in 
the first round. The AUA’s purpose is now clearly 
articulated as events became more and more definite 
in the march toward association formation. The draft 
letter proposes in part (33): 


A number of us in university departments of anes- 
thesia have decided to form an organization con- 
cerned with problems of particular interest to individ- 
uals in academic life. We believe that members of 
such departments differ from other organized groups 
of anesthetists since in addition to caring for patients, 
they must evaluate teaching techniques, teaching 
facilities and foster sound programs of research. The 
development and financing of their complete pro- 
gram also poses unique problems. 


It was now becoming apparent as the discussions 
pushed forward that the original purpose of small 
size and collegial informality, concentrating only on 
research, was gradually enlarging and taking the 
form that deals with an entire academically oriented 
constituency. Papper’s reply, almost by return mail, 
to Dripps supports the position of setting a first date 
for a meeting and hoping that he, Beecher, Lamont, 
and Dripps will be able to agree at once on the initial 
steps. First soundings were made of individuals like 
Drs. E. A. Rovenstine and Joseph Artusio in New 
York and Drs. Benjamin Etsten and Julia Arrowood in 
Boston whether they would join in support of the 
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idea of establishing an association. By March 20, 
1953, things had progressed even more rapidly and a 
proposed constitution modeled on that of the Society 
of University Surgeons was put together by Lamont, 
plus a tentative list of possible future members and 
also a suggestion to enlarge the founding member- 
ship to eight. It was decided to get things prepared as 
rapidly as possible and, as Lamont puts it to the other 
members of the group of four in his letter of March 
20, 1953 to Beecher with copies to Dripps and Papper 
(34): 


Since Papper thinks that an announcement before the 
AMA meeting in June would have a vulnerable 
psychological effect, could we not make such an 
announcement for the larger group in time for the 
June meeting if we were to write fairly soon to most 
of the members of the larger group, enclosing a copy 
of the constitution and asking each whether he would 
accept membership if he were elected. In this way we 
could send out notices of announcement immediately 
after the meeting May 9th. 


The Group of Founders Is Expanded 
to Eight 


There is no indication in the correspondence as to 
how the decision was made to increase the original 
group of four of Beecher, Dripps, Lamont, and Pap- 
per to eight by adding Etsten, Faulconer, Orth, and 
Robbins. Each of them was evidently contacted by 
Lamont and agreed with alacrity to serve as founding 
members of the newly created Association. They 
were the group that was to meet in Philadelphia on 
May 9th to formulate some of the basic issues to be 
presented at the meeting of invited members, which 
was to be the second official meeting of the AUA and 
was scheduled to take place in Boston in early 1954. 
The composition of the letter to those to be invited to 
attend the first meeting after the founders’ meeting in 
Philadelphia was the subject of some discussion 
among the original group of four. For instance, in the 
letter of March 26, 1953, from Papper to Lamont, 
Papper urges the elimination of the words that char- 
acterize the original group as belonging to what 
Lamont called “the Eastern Seaboard.” He prefers a 
national structure (35): 


We (or at least I) want the first flavor to be intellec- 
tual, but also national. 


This was another effort to push toward a national 
scope for the new Association. The idea had by now 
become acceptable to the founders and to the first 
elected group. 

On March 26, 1953, the die was definitely cast to 
establish the new Association. In a letter from Lam- 
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ont on behalf of the original group of four in which he 
signs himself Secretary Pro Tem, Association of Uni- 
versity Anaesthetists, he writes to Faulconer, Etsten, 
Orth, and Robbins describing the establishment of an 
association of university anesthetists and invites each 
of them to become one of the founding members now 
enlarged to eight in number. The broadening of the 
founding group to include at least one southerner, 
one additional northeasterner, and two midwestern- 
ers was believed at the time to be symbolic of national 
involvement as well as the need to deal with our own 
peculiar and important problems more effectively. 
Lamont says in part (36): 


What we need is an opportunity to present current 
and contemplated research projects in an informal (or 
formal) manner and to subject them to intimate, 
informed, friendly, and constructive criticism and 
discussion. We believe that a meeting of university 
anaesthetists would prove to be much better suited to 
our needs than anything now availatle. 


Lamont now also supports the activities beyond 
research alone and indicates (36): 


We also consider that such a group might be helpful 
in improving methods of teaching and in solving 
problems of organization in university departments 
and of their relations to the university as a whole. 


A copy of the proposed constitution was also en- 
closed with his letter of invitation to the additional 
four founding members who were to meet in Phila- 
delphia in May. As a cordial and pleasant added 
touch to the invitation, Lamont invited each of the 
four to stay at his beautiful home rather than at a 
hotel. All four accepted promptly within a week’s 
time of the invitation and the founding membership 
was then established. A list of prospective “‘first- 
round” members was also sent to each of the four. 
The number consisted of 55 names, including two 
individuals from the United Kingdom (Mushin and 
Pask) and one Dane (Mörch). The origin of the 
55-name list is unclear at this time. It may have been 
a collection of all the names submitted by the original 
group of four or it may have been compiled by 
Lamont and Dripps. In the absence of more definite 
information and as it differs rather sharply in both 
directions (i.e., some on Lamont’s list were not 
elected and others not on the list were elected), it is 
best simply to speculate that the results of sending 
out a list to the additional group of four may have 
been the stimulus that settled on the list that was 
finally formulated. Another inconsistency in the cor- 
respondence is the fact that in all of Lamont’s letters 
to the group of four and to others, he consistently 
refers to a group of 26 names suggested to be first- 
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round members and not 55. The group of 26, one can 
only imagine, must have been the result of the 
deliberations either at the May meeting of the found- 
ing group or in another manner not apparent in the 
correspondence collected by Lamont. 


Acceptance of Membership by Charter 
Members Is Rapid and Enthusiastic 


Letters of acceptance of election by “‘first-rounders” 
were all dated prior to the time of the May meeting of 
the founding group. The acceptance of election was 
prompt, enthusiastic, and almost 100%. One must, 
therefore, conclude that the final list of the 26 had 
been agreed upon before the May meeting of the 
founding group. Whether the second group of four of 
the founders had any voice in it is impossible to 
determine with certainty. Knowing the individuals 
and the degree that memory is not totally faulty, my 
opinion is that they must have had input into the 
choosing of the 26 additional names to be added to 
the eight founders. Most of the replies were charac- 
terized by the enthusiasm and support expressed by 
Artusio in his letter of acceptance to Lamont dated 
April 13, 1953. He says in part (37): 


I wholeheartedly agree and am one hundred percent 
behind the formation of a group of university anes- 
thetists. I wish to signify my willingness, without 
reservation, to accept election if I am elected. 


Some of the letters, although almost always enthu- 
siastic, raised a few questions of substance and some 
of detail. There was an interest on the part of 
Stephen, for example, to explore further whether 
there should be affiliation with the ASA in some 
form. Stephen, like the others, was not as yet in- 
formed of all the discussions that had already taken 
place with the ASA officers and with the ABA Direc- 
tors. Others, like Virtue, raised some questions about 
the details of the Constitution that were validly 
helpful. These suggestions were accepted by Lamont 
and incorporated into the official documents. Stil 
other suggestions were typified by those of Adriani 
who suggested an age limit of 45 or at most 50 to be 
sure that bright young people doing active research 
would always be in control of the AUA’s meetings. It 
is interesting to note that this issue of age, fixed 
numbers, and the idea of preserving the youthful 
vigor of the membership has always been present for 
consideration, even before the AUA’s actual forma- 
tion. The problem, if it is a problem, has not gone 
away and probably never will. A few of the first 
group may not have sent letters to Lamont, and at 
least two interpretations are possible. It is conceivable 
that some letters were lost or not deemed to be 
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important. It is also possible that acceptance was 
accomplished by telephone or in person without 
notations for the record. I suppose a third alternative 
may exist. Two or three of the more dubious and 
conservative first-round members were not sure that 
they wanted to be elected until they had a look at 
what the first meeting was like. Whatever the expla- 
nation of a few missing letters of acceptance is, all of 
the first-round invitees accepted membership, were 
supportive from the outset, and appeared at the 
Boston meeting in 1954. 

After the receipt of letters of acceptance from the 
invitees, the original four were asked by Lamont to 
react to those letters that presented suggestions or 
other views. Beecher’s views, on April 21, 1953, in his 
response to the material sent by Lamont to the three 
of us, can be summarized by wholehearted support 
for the new venture, but he is consistently extreme in 
the statement of his position. He writes (38): 


I think it would be disastrous for our little group to be 
affiliated in any way with the ASA. We are not in 
competition with the ASA and, in fact, are probably 
everyone of us members of the ASA. It seems to me 
that any official affiliation with the ASA would 
promptly nullify any prospect of us rescuing the 
anesthetist from the political and financial morass 
which threatens to engulf him, at least to separate 
him from all others in medicine. 


Even before the Philadelphia meeting of the eight 
founding members, knowing that the organization 
would be a success or believing it would be from the 
start, Beecher, in a letter of April 21, 1953, to Lamont, 
invites the Association to meet at Harvard in 1954, at 
a date to be arranged, for a scientific and business 
meeting. The meeting of the founders group in May 
of 1953 in Philadelphia was to be entirely business 
and no scientific papers at all were to be presented. 
At about the same time, in a letter of April 23, 1953, 
from Rovenstine to Lamont, the former happily ac- 
cepts membership in the AUA and makes two strong 
suggestions for its activities. In addition to research, 
he stresses the importance of teaching and educa- 
tional activities for the new AUA—an activity that he 
always found congenial and important to his own 
mission. He also warned against domination by an 
inner small group of powerful people that could 
detract from the scientific value of the meetings. He 
also felt that social activities, incidental to the meet- 
ing, should be minimal. April 23rd seemed to be a 
day of letter writing for the group of four and Papper, 
in a letter to Lamont on that same date, seems to 
waffle temporarily from a previously consistent posi- 
tion with respect to the issue of affiliation with the 
ASA. He says in part (39): 
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I wrote just yesterday that I thought the Association 
of University Anesthetists ought to be an indepen- 
dent organization. However, I suppose we should 
consider seriously affiliation within the ASA provid- 
ing the things we wish to accomplish will be officially 
accepted policy. That is to say the goals we attempted 
to accomplish in Cleveland might possibly be accom- 
plished in the manner Stephen suggests. 


He makes further suggestions that membership in 
the ASA should not be required for Board certifica- 
tion and similar provisions, and concludes by saying 
(39): 


if these positions were accepted by the ASA I would 
have no objection to affiliating our association with 
the national society. 


Evidently on further reflection, thinking that these 
suggestions were ones of weakness rather than of 
conviction, he writes in a hand-written postscript to 
the same letter (39): 


These are rambling thoughts—conditioned by the 
first sunny day in NY in a long time. I'd like to think 
more about. 


He did think more about these matters subsequently 
and returned to his original more tenable position 
that the AUA needed to be an independent organi- 
zation. 


The Question of Age Limit Surfaces Early 


The age limit was addressed by Beecher in his com- 
ment to Lamont on April 28, 1953. Beecher objects to 
Adriani’s position about retiring to senior status or 
some similar academic heaven despite his obvious 
conflict of interest, as Beecher was 49 years old at the 
time of his writing. He stated that anesthesiologists 
do not have a comfortable place to retire to like 
surgeons do, which for them is the American Surgical 
Association. He concludes by stating (40): 


I think we ought to look very sharply at this question 
(age limitation) before we make any easy assump- 
tions that the group ought to be kept young, vigor- 
ous, etc. etc. 


Apparently, on a less sunny day in New York or 
the firm establishment of springtime in that city, 
Papper got over his indecision about the independent 
structure of the AUA and ina letter of April 29, 1953, 
to Lamont, he writes (41): 


I am delighted that everybody feels that we should 
not tie the new association in with the ASA. My 
second letter on that subject was written in a bloom of 
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optimism. I know full well the ASA will not make the 
two concessions that I felt were a prerequisite to the 
Association being affiliated with the ASA. 


Quiet optimism then prevailed in Papper’s mind as 
he concluded his letter by saying (41): 


We should have a pleasant future ahead for all of us. 


For those readers interested in some of the specific 
details of the correspondence among the founding 
members and the group of first-rounders, on the 30th 
of April, Lamont summarizes all of the points that 
were raised in the exchange of information about the 
formation of the AUA by using a combination of 
excerpts from letters and notes from his own files. As 
these main points have already been summarized in 
this essay, it is suggested that further detailed infor- 
mation, if desired by the reader, be sought from the 
Lamont file. Lamont’s summary of all the material 
was not only useful to the original group of four but 
was especially useful in briefing the second group of 
four, now firmly established as the founding mem- 
bers of the AUA, and eventually the group of 26 
elected on the first round. 


The AUA’s First Meeting in Philadelphia Is 
Organizational and Attended Only by the 
Founding Group of Eight 


On May 9, 1953, the Philadelphia meeting of the 
founding members took place. All were present ex- 
cept for Orth who could nat attend at the last minute, 
but he sent his views by letter. The Constitution and 
By-laws were discussed and appropriate suggestions 
for change were made. Lamont states in his notes of 
the meeting (42): 


It is fair to say that no substantial changes were 
made, that the changes were in the direction of 
greater precision and simplicity. 


The minutes of that meeting included the names of 
the first 37 members (including the original group of 
four and the recently established founding member- 
ship of eight). They were Adriani, Allen, Apgar, 
Arrowood, Artusio, Beecher, Brewster, Bunker, Con- 
verse, Cullen, Van Deming, Dripps, Eastwood, Eck- 
enhoff, Etsten, Faulconer, Greene, Greifenstein, 
Hampton, Harmel, Haugen, Holaday, Keats, Lam- 
ont, Landmesser, Morris, Orth, Papper, Pender, 
Proctor, Robbins, Rovenstine, Stephen, Van Bergen, 
Vandam, Virtue, and Volpitto. 
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The AUA Consists of All University 
Leaders in Academic Anesthesiology: The 
Second Meeting Including All Charter 
Members Is Held in Boston in 1954 


The second meeting of the AUA was scheduled to 
take place on January 16, 1954, at the Massachusetts 
General Hospital in the Ether Dome. The founding 
group of eight appointed themselves as Executive 
Council under the new Constitution until the Boston 
meeting. Lamont was appointed Secretary Pro-Tem 
also until that meeting. The first group of officers 
were, therefore, to be elected in Boston. 

This meeting took place on January 9, 1954, at the 
Massachusetts General Hospital. It was chaired by 
Beecher and consisted of two groups of laboratory 
studies that were very well received and the first 
major presentation of the important subject of mea- 
surement of subjective and pain-related responses to 
come from Beecher’s Department and Laboratories. 
The evaluations of hypnotic power, the placebo re- 
sponse, and the relative and comparative actions of 
analgesic substances, especially the narcotics, were 
presented in a group of most interesting papers. 
There are no notes available on the nature of the 
business meeting in detail except that officers were 
elected. 

The first Council consisted of E.M. Papper, Presi- 
dent; Austin Lamont, Secretary; James Eckenhoff, 
Treasurer; and the Councilmen-at-Large were Stuart 
C. Cullen, C. Ronald Stephen, and Frederick Van 
Bergen. The 1955 meeting was scheduled to take 
place at Duke University on the invitation of Stephen, 
Those were the facts that brought to a happy and 
successful conclusion the struggles of the formative 
period of the AUA. 


Epilogue 

What does not appear in the Lamont file were the 
serious reservations of a few of the influential people 
in academic anesthesiology. Their views were to 
determine whether the infant AUA was to be a 
national organization representative of the academic 
community or whether it would become, in effect, a 
pleasant and regionally dominated social club of, to 
use Lamont’s characterization, the “Eastern Sea- 
board.” Their reservations were earnest and serious, 
and they had to do with being sure that the AUA’s 
positive purposes far outweighed in importance the 
negative pressure thrusts that stimulated its organi- 
zation. It was felt, predominantly by a midwestern 
and western group of academic anesthesiologists, 
that there had to be staying power in the importance 
to the academic community of research, teaching, 


452 PAPPER 
ASSOCIATION OF UNIVERSITY ANESTHESIOLOGISTS 


and those common interests in the university to 
justify and support the development of the new 
Association. The response to the negative pressures 
of the ASA were not enough reason, in their view, to 
form a new group. The leaders in these concerns 
were Cullen, Haugen, and Faulconer. They were 
satisfied by free and frank discussions of the issues 
after dinner at the end of the meeting that the AUA 
was to be an important positive force in fostering the 
interests and goals of academic anesthesiology. 

Each of the founding members was given the task 

of conducting small, informal group discussions, and 
the candid answering of questions transpired. These 
discussions were effective and were a major positive 
force in the launching of the AUA. It is important to 
state that Dripps was a major figure in the persuasion 
of those few leaders who had reservations that 
needed to be satisfied, despite his initial wariness of 
even including some of them in the AUA. There is 
still in my mind a vivid memory of seeing him about 
to depart from the site of the discussions wearing a 
hat, a coat and having removed his shoes, possibly as 
an aid to inspired cerebration, talking earnestly with 
Cullen and with Haugen about their reasonable and 
understandable reservations. When Dripps put his 
shoes on to leave, it seemed that all had been satis- 
factorily explained and that the group of 37 were now 
on their way to the very important role of pleasant 
guidance of the academic community in anesthesiol- 
ogy to a new way of looking at their problems 
together. They were ready to enhance their personal 
and professional relationships so important to the 
development of the intellectual aspects of the spe- 
cialty. 
Therefore, at the Boston meeting, the Association 
was started under the best of auspices with a high 
spirit of enthusiasm for common goals that were 
destined to become important in the development of 
academic anesthesiology. 

Although born in political controversy and envel- 
oped in economic pressures, the important positive 
elements of commonality in the intellectual and edu- 
cational aspects of anesthesiology became powerful 
forces for the development of a strong Association of 
University Anesthetists. The name would be, in due 
course, changed to the Association of University 
Anesthesiologists when the sting of names and the 
spelling of anesthesia became less important symbol- 
ically. Lamont’s adherence to conservative naming 
and the use of the diphthong in the spelling was 
eventually to disappear. 

The quarrel with the ASA rapidly and unemotion- 
ally disappeared to the point where AUA members 
_ were, in effect, the editors and publishers of the two 

major journals in anesthesiology and were also the 
principal providers of the scientific parts of the ASA’s 
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annual meeting. AUA members became elected of- 
ficers in the ASA, and a feeling of mutual tolerance 
rapidly evolved to mutual respect and then to coor- 
dination of activities. The ABA became, in turn, 
dominated by the academic community and all re- 
striction and threats associated with its previous 
political behavior disappeared and were no longer 
negative factors. The AUA, therefore, was rid, in 
fairly rapid time, of the negative forces that encour- 
aged its development. It was able to pursue the 
positive purposes of attention to research, to educa- 
tion, and to the commonality of university problems 
without the need of dealing with serious hostile 
forces. The AUA quickly became a success in func- 
tion. The goals of academic anesthesiologists now 
included election to membership in the AUA. 
However, even at the beginning, despite these 
great successes, there were signs of potential prob- 
lems and troubles that were to surface in the future. 
Anesthesiologists, especially academic ones, seem to 
be excessively introspective, at least as compared to 
their colleagues in other fields. They seem to react 
and, perhaps, overreact excessively to negative forces 
with too much vigor. Their language is, in general, 
more extreme than that of many others. They don’t 
appreciate sufficiently their own or their colleagues’ 
talents. They underappreciate and underreact to pos- 
itive strengths. They are constantly trying to find out 
why they are often uneasy and engage in constant 
efforts of “reform.” Excessive aloofness was once a 
criticism against the AUA, directed especially against 
some of its more influential members. As under- 
standing and friendships developed, the AUA began 
to brood about the excessively social behavior of © 
some of its members. They criticized themselves and 
their Association of becoming a pleasant inactive 
status-seeking club where perhaps excessive drinking 
took place too often. These concerns then were 
replaced in time by the question of whether democ- 
racy, defined as more numbers in the AUA, was 
healthy for an organization or whether only merit 
should be the standard for membership. If the latter, 
how. was it to be defined and measured? The subject 
of age limitation raised its head from the beginning 
and has continually confronted the membership. 
How does one decide when a person is no longer as 
vigorously productive as previously, and in what 
fields, and by what standards? These are all besetting 
questions to academic anesthesiologists. They are not 
really unique to our specialty, but we worry about 
real and phantom difficulties more than most. 
However, the AUA is fortunate in a very impor- 
tant respect. It is charged, generally, by its founders 
with engaging in common and coordinated efforts in 
teaching, research, and all other matters that concern the 
university community. Its charter, therefore, gives it 
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free reign to engage in any aspects that the current 
membership believe important to the work and re- 
sponsibilities of the academic anesthesiologist with- 
out the obstruction of the heavy hand of the past or 
the reaching out from the grave to dominate current 
thinking. 

The search for renewal of excitement goes on and 
has from the beginning. Much of it is healthy. How- 
ever, some of it must be a form of combat with what 
most generously might be characterized as boredom 
with peace. The AUA was begun in an environment 
that included passion. Passion grafted onto intellec- 
tual strength will never lose value for the human 
condition. Each generation must and will decide for 
itself where the margins are and what issues they 
need to address. The founders did not have the gift of 
prophecy, but they recognized the need to address 
central issues and to permit the felicitous quality of 
flexibility and responsiveness to constructive change 
in a future without limitations. 
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Failure of Multiple Test Doses and Techniques to Detect 
Intravascular Migration of an Epidural Catheter 


Brian Y. McLean, MD, Richard L. Rottman, MD, and Dennis M. Kotelko, MD 
Department of Anesthesiology, Cedars-Sinai Medical Center, Los Angeles, California 


JR ioen intravascular placement or migra- 
tion of an epidural catheter remains one of the 
ost common complications of epidural anes- 
thesia, occurring in 3%-9% of obstetric patients (1,2). 
Both a sensitive and specific test dose is lacking, 
requiring the obstetric anesthesiologist to use multi- 
ple test doses and techniques for this purpose. We 
report a case of a pregnant patient who had a func- 
tioning epidural anesthetic for labor in whom a 
seizure developed after reactivation of the epidural 
anesthetic for cesarean section. This occurred despite 
using every commonly used test dose and technique 
for determining intravascular injection. 


Case Report 


A 28-yr-old healthy primagravida woman at term was 
admitted to labor and delivery. After 7 h of labor, the 
patient’s cervical examination disclosed a 3-cm dila- 
tion and oxytocin was started. An epidural anesthetic 
was administered without difficulty through a 17- 
gauge Tuohy needle placed in the epidural space at 
L2-3 using a loss of resistance technique. Three 
milliliters of 0.25% bupivacaine was injected through 
an open-end single-port epidural catheter. After a 
negative aspirate for blood, fentanyl, 100 wg, and 
0.25% bupivacaine, 6 mL, were injected over 6 min. 
Subsequently, a continuous epidural infusion of 
0.0625% bupivacaine with fentanyl, 2 ug/mL, was 
initiated at a rate of 10 mL/h. The patient had excel- 
lent labor analgesia until 4 h later, at which time she 
began feeling her contractions. The epidural was 
reactivated with 0.5% bupivacaine, 5 mL, after nega- 
tive aspiration; and she again became very comfort- 
able. An intrauterine pressure catheter was then 
placed, and a 3-min episode of fetal bradycardia and 
worsening variable decelerations followed. The ob- 
stetrician decided to perform a primary cesarean 
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section for fetal distress and macrosomia. The patient 
was brought into the operating room, moved herself 
to the operating table, and was placed supine with 
left uterine displacement. After negative aspiration, a 
3-mL test dose of pH-adjusted 2.0% lidocaine with 
1:200,000 epinephrine was given through the epidu- 
ral catheter. No change in heart rate, arterial blood 
pressure, or sensorium were noted. After 3 min, the 
patient was given pH-adjusted 2.0% lidocaine with 
1:200,000 epinephrine, 5 mL, without change in signs 
or symptoms. Fentanyl, 100 ug, was given through 
the epidural catheter with no change in sensorium. 
Three minutes later another 5 mL of pH-adjusted 
2.0% lidocaine with 1:200,000 epinephrine was ad- 
ministered without a change in vital signs. After 
3 min an additional 5 mL of pH-adjusted 2.0% 
lidocaine with 1:200,000 epinephrine was injected 
through the epidural catheter (total dose 18 mL of 
pH-adjusted 2.0% lidocaine with epinephrine and 
100 ug of fentanyl). Before each dose of lidocaine, no 
blood could be aspirated from the epidural catheter, 
and after injection, there were no changes in arterial 
blood pressure, heart rate, or mental status. Two 
minutes after the last dose, the patient began shaking 
and asked, “What's happening to me?” She then had 
a grand mal seizure. She was given 100% oxygen via 
a face mask, thiopental, 300 mg, and succinylcholine, 
100 mg, IV; and the trachea was rapidly intubated 
while maintaining cricoid pressure. A fetal bradycar- 
dia occurred 1 min after the seizure and continued 
until cesarean delivery 8 min later. Newborn Apgar 
scores were 7 and 9 at 1 and 5 min, and the umbilical 
cord gas values were as follows: umbilical vein: 
pH 7.17, Pco, 78 mm Hg, Po, 13 mm Hg, HCO; 
29 mEq/L, base excess —2.4 mEq/L; umbilical artery: 
pH 7.15, Pco, 85 mm Hg, Po, 6 mm Hg, HCO; 
30 mEq/L, base excess —2.1 mEq/L. After delivery of 
the baby, general anesthesia was maintained with 
nitrous oxide and oxygen, IV fentanyl, and a succi- 
nylcholine drip. The surgery took 31 min. After 
extubation of the trachea, the patient immediately 
complained of pain and had no evidence of any 
motor or sensory block. 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


kd 


ANESTH ANALG 
1992;74:454—6 


Postoperatively, only blood-tinged fluid was noted 
during aspiration and careful removal of the epidural 
catheter. Both mother and baby had an uneventful 
postoperative course. 

Discussion 

Unrecognized placement or migration of an epidural 
catheter and the subsequent injection of a toxic dose 
of local anesthetic is a devastating complication of 
epidural anesthesia. Although it is impossible to 
know exactly when the epidural catheter migrated 
into a blood vessel in this case, the epidural catheter 
was properly located after the initial placement and 
during the next 4 h of continuous infusion because 
the patient had good labor analgesia during this time. 
The need for a “top-up” dose is not uncommon for 
laboring patients on epidural infusions and does not 
necessarily mean that the catheter is in a blood vessel. 
In this case, the patient again became comfortable 
after the 0.5% bupivacaine, 5 mL, top-up dose, which 
indicates a functioning epidural catheter. The cathe- 
ter must have migrated into a blood vessel sometime 
after the top-up dose and before medication for the 
cesarean section was given. If some of the lidocaine 
or fentanyl had been injected into the epidural space, 
postoperatively the patient should have had only 
minimal discomfort and exhibited evidence of a sen- 
sory or motor block. 

Because the patient was on the operating table for 
a cesarean section when the seizure occurred and had 
no obvious airway problems, a rapid sequence induc- 
tion with general anesthesia was chosen to both treat 
the seizure and for anesthesia for surgery. 

All three of the most commonly used techniques to 
detect an intravascular epidural catheter were used in 
this case: (a) aspiration (3), (b) fractionation of dose 
(3), and (c) the use of 15 ug of epinephrine as a test 
dose (4-7). In addition, two other recently described 
test doses were used: the administration into the 
epidural catheter of lidocaine, 100 mg (8), and fenta- 
nyl, 100 pg (9). 

Aspiration and fractionation have poor sensitivity 
for identifying intravascular placement, failing to 
detect 65 of 195 and 12 of 51, respectively, of intra- 
vascular epidural catheter placements in one review 
of 4003 obstetric epidural anesthetics (2). Epineph- 
rine, 15 wg, has been proposed by Moore and Batra 
(7) as an effective intravascular test dose in nonpreg- 
nant patients. Leighton et al. (10), however, has 
cautioned about the limitations of epinephrine as a 
marker of intravascular injection in laboring women. 
Lidocaine, 100 mg, has been proposed by Roetman 
and Eisenach (8) to have 100% sensitivity and 95% 
specificity in a study of 20 healthy male volunteers for 
identification of intravascular placement of an epidu- 
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ral catheter. Fentanyl, 100 ug, has recently been 
proposed as a highly sensitive test for intravascular 
placement in laboring women (9). In this case report, 
all of the above test doses and techniques were used; 
and yet, we were unable to detect the intravascular 
migration of an epidural! catheter. 

Lidocaine plasma levels of 5.29 + 0.55 yg are 
associated with generalized twitchings, convulsions, 
severe breathing difficulties, total disorientation, or 
loss of consciousness in healthy male volunteers (11). 
Although lidocaine levels were not obtained, an 
intravascular epidural catheter was evidenced by the 
symptoms and the lack of any sensory or motor block 
at the conclusion of surgery. The threshold for central 
nervous system symptoms with IV lidocaine has been 
described by Covino and Vassallo (12) as 6.4 mg/kg or 
350 mg in this patient. Our patient received a total of 
360 mg of lidocaine over 10 min. In addition, the 
patient had received 72.5 mg of bupivacaine during 
the 5 h before being given lidocaine. As local anes- 
thetic toxicity is additive (13), the prior administration 
of bupivacaine may have contributed to the seizure. 

Leighton et al. (14) have shown that 1 mL of air 
injected into an intravascular epidural catheter can be 
detected with 100% sensitivity by a precordial Dopp- 
ler. Perhaps this test would have been useful in our 
patient. Continuous fetal monitoring during reactiva- 
tion of the epidural catheter might have demon- 
strated a decrease in contraction amplitude or change 
in fetal heart rate as a harbinger of intravascular 
toxicity. 

This case demonstrates the failure of multiple epi- 
dural test doses and techniques in a well-monitored 
patient to detect intravascular migration of an epidural 
catheter. It should serve to remind us that it is not 
possible at present to identify intravascular placement 
or migration of an epidural catheter in all patients. 
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he Sellick maneuver is designed to protect the 
airway against aspiration of gastric contents 
before tracheal intubation and in an emergency 
to permit safe ventilation via a mask (1). For this 
maneuver itself to prevent ventilation is highly un- 
usual. We report an adult patient in whom tracheal 
intubation was defeated by an undiagnosed supra- 
glottic mass, and whose airway was completely ob- 
structed by the application of the Sellick maneuver. 


Case Report 


A 27-yr-old multigravida patient at term was admit- 
ted for elective repeat cesarean section. She was not 
in labor. She had had two previous cesarean sections: 
the first, under endotracheal general anesthesia in 
1982 and the second under epidural anesthesia in 
1986, both without complication or technical difficulty 
recorded. After the first pregnancy, her weight in- 
creased by approximately 20 kg over 12 mo. During 
the present pregnancy, preeclampsia was suspected 
because of marked edema, although other criteria of 
preeclampsia were absent. Preoperative examination 
revealed an obese patient with marked perioral and 
other facial edema, but with normal vital signs. 
Examination of the airway demonstrated greater than 
two fingers’ separation between the mentum and the 
hyoid. The patient could open her mouth widely 
enough to permit visualization of a large tongue, 
swollen fauces, soft palate, and uvula. The epiglottis 
could not be observed. Although her external nares 
were wide, large inferior turbinates were clearly 
visible showing little free air space. Overall, she was 
judged, by the Mallampati et al. classification, to have 
a class 2 airway (2). 

Ranitidine (50 mg IV), metoclopromide (10 mg IV), 
and bicitrate (30 mL orally) were administered before 
anesthesia. An epidural catheter was placed without 
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difficulty at the L3-4 level before transport of the 
patient to the operating room. However, adequate 
analgesia was insufficient-to permit surgical incision. 
The decision was then made to induce general anes- 
thesia using a rapid sequence technique. Direct laryn- 
goscopy was attempted with a MacIntosh No. 4 blade 
while cricoid pressure was applied by the attending 
anesthesiologist. On laryngoscopy, macroglossia, 
large pitted tonsils, an edematous, rounded fleshy 
epiglottic area, and a narrow, bell-shaped epiglottic 
ee be exposed; the arytenoids and larynx could 
not. 

Because the hemoglobin desaturated rapidly from 
99% to 70% and ventricular ectopy developed, laryn- 
goscopy was discontinued. Ventilation via a mask 
with 100% oxygen was initiated with cricoid pressure 
still applied. However, ventilation via the mask was 
impossible until the cricoid pressure was fully re- 
leased. No intermediate level of cricoid pressure 
would permit oxygen flow. Placement of an oral 
airway did not improve the situation. By that time, 
oxygen saturation had fallen to less than 40%. Upon 
complete release of cricoid pressure, ventilation im- 
mediately became easy, and oxygen saturation re- 
turned to initial values. Repeat laryngoscopy at- 
tempted by the attending anesthesiologist was 
equally unsuccessful. Moreover, in the circum- 
stances, blind nasotracheal intubation was deemed 
unsafe because of the likelihood of bleeding due to 
mucosal edema and obviously large inferior tur- 
binates. Although other options for airway manage- 
ment were considered (needle cricothyrotomy with 
jet ventilation), the decision was made to abort the 
procedure after consultation with the attending ob- 
stetrician. The patient recovered completely from 
general anesthesia without adverse sequelae. Fetal 
heart tones were judged to be normal, indicating no 
adverse effects. 

The following day, fiberoptic laryngoscopy re- 
vealed a large mass at the base of the tongue, deform- 
ing the epiglottis and pushing it with the larynx 
posteriorly. Unfortunately, photographs of the lesion 
were not obtained. The patient then underwent an 
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Figure 1. *’"™Tc-pertechnetate scintigraphic image, anterior acqui- 
sition, lower face and upper neck. Midline circular uptake (arrow), 
diagnostic of lingual thyroid. Activity at 10 o'clock and 2 o'clock 
represents normal parotid accumulation. 


uneventful cesarean section with epidural anesthesia, 
the catheter being placed in the operating room. An 
otolaryngologist was present in case emergency tra- 
cheostomy became necessary. The newborn was 
healthy with Apgar scores of eight and nine. There 
were no further complications. 

Because the mass was presumed thyroid tissue, a 
thyroid scan was performed (Figure 1). Thyroid func- 
tion studies were consistent with compensated hy- 
pothyroidism (thyroid stimulating hormone = 51.8 
[normal, <5 wlU/mL], T} = 23 [normal, 35%-45%], 
T, = 9.5 [normal, 5-12 ug/dL]), and thyroid replace- 
ment therapy was initiated. 


Discussion 


Ball valve obstruction of the glottic opening by cancer 
has been reviewed recently (3). Massive facial trauma 
can cause the same effect, but in both cases the 
potential for obstruction should be obvious to the 
anesthesiologist. However, the presence of a mass at 
the base of the tongue may be less obvious. Airway 
examination in our patient before induction of anes- 
thesia revealed a large tongue with edematous fauces 
and uvula. Perhaps the fact that she could open her 
mouth widely, and the hyoid was positioned greater 
than two finger breadths below the mandible, gave 
us a false sense of security. Yet, the presence of a 
large mass at the base of the tongue did not become 
apparent until laryngoscopy. 

The differential diagnosis of such a mass includes 
lingual thyroid, benign tumors (e.g., angioma, ade- 
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noma, fibroma, and lipoma), and malignant lesions 
including lymphosarcoma. In an otherwise normal 
patient, however, the most common mass is lingual 
thyroid (4). Our patient underwent scintigraphy be- 
cause thyroid tissue avidly takes up ”"Tc-pertechne- 
tate, thereby absolutely confirming the diagnosis. 
The size and position of the thyroid image shown in 
Figure 1, relative to the parotid images nearby, indi- 
cates a large ectopic thyroid mass. 

Lingual thyroid was first described in 1869 by 
Hickman (5) in a case dramatically similar to our own. 
The prevalence ranges from 1:100,000 to 1:300,000 in 
the general population (6,7) and 1:4000 in patients 
with known thyroid disease (8). Females account for 
75%-89% of all patients harboring lingual thyroids 
(9,10). Approximately 15% of these patients are hy- 
pothyroid at the time of diagnosis (11). 

Embryologically, the thyroid bud migrates cau- 
dally contacting the aortic sac. With the elongation of 
the great vessels, the bud assumes its final position 
below the larynx. The line of descent defines the 
thyroglossal duct that originates in the foramen 
cecum at the base of the tongue. Although, ectopic 
thyroid tissue may appear in any position from the 
base of the tongue to the mediastinum, lingual thy- 
roid represents totally failed migration. Eighty per- 
cent have no other thyroid tissue (7,10). The natural 
history of lingual thyroid is to hypertrophy in com- 
pensation for reduced function. The increased meta- 
bolic demands of pregnancy cause further hypertro- 
phy. 

In fact, our patient had a hypertrophied lingual 
thyroid with subclinical hypothyroidism at the time 
of examination. The mass prevented access to the 
larynx during laryngoscopy and acted as a ball-valve, 
obstructing the airway when cricoid pressure was 
applied. The Sellick maneuver was performed by a 
senior faculty member experienced in both its appli- 
cation and its teaching. There was no reason to 
suppose that cricoid pressure was improperly ap- 
plied. That being the case, we hypothesize that in the 
circumstances, backward movement of the cricoid 
cartilage was translated into a pivoting forward of the 
glottic opening against the tumor and grossly dis- 
torted epiglottis, the hyoid bone becoming the ful- 
crum. We would suggest that edema and the tumor 
had almost consumed all of the volume embraced by 
the hyoid. With the stylohyoid ligaments nondisten- 
sible, and rearwards motion restricted by edema and 
tissue distortion, further movement at the distal end 
of the glottic funnel would pull the anterior part of 
the hyoid body down, thereby rotating the glottic 
opening into the ball created by the tumor, thus 
causing the epiglottis to occlude the entrance. Yet, 
during spontaneous respiration, the patient had nei- 
ther symptoms nor signs of frank airway obstruction, 
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and upon release of cricoid pressure ventilation was 
easy. 

Review of the medical records from the prior 
deliveries over the previous 7 yr disclosed no re- 
ported airway problems associated with anesthesia. 
By our patient’s third pregnancy, however, thyroid 
hypertrophy sufficient to impede tracheal intubation 
had occurred. Therefore we infer that her earlier 
pregnancies had not yet caused sufficient hypertro- 
phy of the lingual thyroid to compromise laryngos- 
copy. Clinically, she had not presented with signs of 
obvious hypothyroidism; however, in retrospect her 
weight gain and edema had spuriously been attrib- 
uted to pregnancy itself. 

Faced with an airway obstructed by the Sellick 
maneuver in an obese, pregnant patient, whose he- 
moglobin was rapidly desaturating, we had no choice 
but to release the cricoid pressure to ventilate via a 
mask. We judged that the risk of asphyxia in both 
mother and fetus outweighed that of aspiration. Had 
the procedure been an emergency, our options would 
have been limited either to proceed without airway 
protection or to perform immediate cricothyrotomy. 
In our patient, other approaches to the airway were 
blocked by nasal obstruction, and the rapid rate of 
hemoglobin desaturation discouraged more-time- 
consuming procedures. Aborting when we did 
seemed the most appropriate cheice. 

The Sellick maneuver is performed to protect the 
airway during rapid sequence induction of anesthe- 
sia. Maintaining the maneuver while ventilating via a 
mask is accepted practice when intubation has failed. 
To be unable to ventilate under such circumstances is 
unnerving and points out the absolute necessity of a 
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systematic evaluation of the airway in all patients 
undergoing anesthesia, whether general or region- 
al—more so in the parturient. For the Sellick maneu- 
ver to cause complete airway obstruction, a supra- 
glottic ball-valve mass should immediately be 
considered. Lingual thyroid is the most reasonable 
diagnosis in an otherwise normal patient. 


References 


1. Shnider $, Levinson G. In: Shnider S, Levinson G, eds. 
Anesthesia for obstetrics. Philadelphia: Williams & Wilkins, 
1987:167. 

2. Mallampati SR, Gatt SP, Gugino LD, et al. A clinical sign to 
predict difficult tracheal intubation: a prospective study. Can 
Anaesth Soc J 1985;32:429-34. 

3. Miller JN. Head and neck cancer. In: Rogers MC, ed. Current 
practice in anesthesiology. Toronto: B.C. Decker, 1988:73-6. 

4. Lecklitner ML. Neonatal and pediatric thyroid imaging. In: 
Sandler MP, Patton JA, Partain CL, eds. Thyroid and parathy- 
roid imaging. Norwalk: Appleton-Century-Crofts, 1986:149- 
77. 

5. Hickman W. Congenital tumor of the base of the tongue 
pressing down the epiglottis on the larynx and causing death 
by suffocation sixteen hours after birth. Trans Pathol Soc 
London 1869;20:160-3. 

6. Neinas FW, Gorman CA, Devine KD, Woolner LB. Lingual 
thyroid: clinical characteristics of 15 cases. Ann Intern Med 
1973;79:205-10. 

7. Weider DJ, Parker W. Lingual thyroid: review, case reports - 
and therapeutic guidelines. Ann Otol Rhinol Laryngol 1977;86: 
841-7. 

8. Schilling JA, Karr JW, Hursh JB. The treatment of the lingual 
thyroid with radioactive iodine. Surgery 1950;27:130-8. 

9. Jain SN. Lingual thyroid. Int Surg 1969;52:320-5. 

10. Montgomery ML. Lingual thyroid; a comprehensive review. 
West J Surg 1935;43:661-9. 

11. Yeung VTF, Loong EPL, Cockram CS. Cretinism and lingual 
thyroid presenting in an adult. Postgrad Med J 1987;63:881-3. 


Removal of a Large Intrathoracic Tumor in a Child: 
Neurogenic Motor-Evoked Potential Monitoring of Spinal 
Cord Integrity and Anesthetic Management 


Michael P. Hosking, MD, Paul D. Mongan, MD, and Richard E. Peterson, MD 


Anesthesia and Operative Service, Department of Surgery, Brooke Army Medical Center, Fort Sam Houston, Texas 





eurogenic tumors are the most common me- 

diastinal neoplasms (1). These tumors may 

occur at any age, but they carry a higher risk 
of malignancy in children. Ganglioneuromas are the 
most common mediastinal neurogenic tumors. They 
are benign and generally asymptomatic (2). How- 
ever, approximately 10% of patients with neurogenic 
tumors experience growth of the paravertebral mass 
through the intervertebral foramina with a significant 
portion of the tumor located intraspinally (3). Re- 
moval of these neoplasms risks potential spinal cord 
injury owing to the presence of the tumor adjacent to 
and within the spinal canal. The combined neurosur- 
gical and thoracic posterior approach presents a 
unique challenge to the anesthesiologist. We describe 
neurogenic motor-evoked potential monitoring 
(NMEP) of spinal cord integrity in a small child. In 
addition, we report a unique method of providing 
one-lung ventilation in the pediatric patient. 


Case Report 


A 4-yr-old, 16.8-kg girl was scheduled for removal of 
a large intrathoracic tumor. She was admitted with a 
3-mo history of recurrent right upper lobe pneumo- 
nias. A large intrathoracic mass was noted on a chest 
roentgenogram, and a subsequent magnetic reso- 
nance imaging of the thorax showed a 5 x 7-cm 
posterior mediastinal mass spanning thoracic verte- 
brae T3-7 with spinal canal involvement (Figure 1). 
The remainder of the history and physical examina- 
tion was noncontributory. Laboratory values were 
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within normal limits, and no evidence of neurologic 
impairment was evident. 

In the operating room, standard monitoring was 
used. Anesthesia was induced with thiopental, 
80 mg, and fentanyl, 5 ug/kg IV. After adequate 
muscle relaxation was obtained with succinylcholine 
1 mg/kg, the trachea was intubated with a 5-mm 
cuffed endotracheal tube, and ventilation was con- 
trolled. Additional 18-gauge intravenous cannulas 
were inserted into the right hand and the right foot. 
A 22-gauge left radial arterial cannula and a right 
internal jugular vein triple-lumen catheter were in- 
serted. Anesthesia was maintained with a continuous 
IV fentanyl infusion of 2 pg-kg™'-h7’ and 0.5- 
1.0 MAC isoflurane. Before induction, a 5F Fogarty 
catheter was inserted through a ventilating broncho- 
scope adapter into the endotracheal tube and was 
advanced until it was flush with the tip of the 
endotracheal tube. This position was marked on the 
catheter with tape. After induction, a 3.7-mm flexible 
pediatric bronchoscope was passed into the endotra- 
cheal tube through the bronchoscope ventilating 
adapter, and the tube was then positioned in the 
proximal right mainstem bronchus. The broncho- 
scope was removed, and the Fogarty catheter was 
inserted through the bronchoscope adapter and was 
advanced until the tape was flush with the broncho- 
scope adaptor, positioning the catheter in the proxi- 
mal right mainstem bronchus. The endotracheal tube 
was then pulled back into the trachea leaving the 
Fogarty catheter in the right mainstem bronchus. The 
right lobe of the lung could then be isolated by 
inflating the cuff of the catheter with 0.8 mL of saline. 

Integrity of the anterior and posterior columns was 
monitored with sciatic NMEPs and posterior tibial 
somatosensory evoked potentials (SSEPs). After in- 
duction of anesthesia, a standard two-channel SSEP 
montage was used (CZ’-FPz, C,). For NMEPs, 12-mm 
stimulating electrodes were placed percutaneously 
into the interspinous ligaments of C4-5 (anode) and 
C6-7 (cathode). With the aid of a peripheral nerve 
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Figure 1. Magnetic resonance image demonstrating encroachment 
of the tumor on the spinal canal at thoracic vertebral levels T3-7. 


stimulator, bipolar 20-gauge insulated recording elec- 
trodes were positioned over the sciatic nerves bilat- 
erally. A 12-mm ground electrode was inserted per- 
cutaneously over the left shoulder. These electrodes 
were attached to a Nicolet Compac Four (Nicolet 
Instruments, Madison, Wis.) clinical averager. After 
placement of all electrodes, neuromuscular blockade 
was established and maintained with pancuronium 
bromide. The SSEPs were generated by standard 
protocol. However, because of electrical interference, 
cortical SSEPs were of poor quality. The NMEPs were 
generated with bipolar square-wave pulses at a con- 
stant current of 25 mA delivered at a rate of 4.8 
pulses/s with a duration of 200 us. One hundred 
sweeps were acquired through a band pass of 
10-1500 Hz and averaged. Impedance of recording 
electrodes was maintained at less than 3000 Hz. The 
resulting signals were recorded on a floppy disk as 
well as viewed on the oscilloscope. After acceptable 
NMEPs were generated, isoflurane 1.0 MAC was 
administered. No changes of the NMEP amplitude or 
latencies were observed (Figure 2). A right thoracot- 
omy was performed, and a tissue diagnosis of gan- 
glioneuroma was made by frozen section. The inci- 
sion was extended and the tumor was excised after 
laminectomies of vertebrae T3-5 were performed. The 
tumor encased the spinal cord but did not enter the 
dura. The neurogenic motor-evoked potentials were 
of high quality and unaffected by changes of anes- 
thetic level or electrocautery. No significant changes 
in amplitude or latency of the NMEPs occurred 
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Figure 2. Example of intraoperative neurogenic motor-evoked 
potential monitoring waveforms. Right-side neurogenic motor- 
evoked potential monitorings are represented by M1, control; 
M3, intraoperative with 1.0 MAC isoflurane; and M5, after skin 
closure. Left-side neurogenic motor-evoked potential monitorings 
are represented by M2, control; M4, intraoperative with 1.0 MAC 
isoflurane; and M6, after skin closure. Scale: 2.5 ms/division, 
4.88 uV/division. 


during excision of the tumor. One-lung ventilation 
was easily accomplished by inflation of the Fogarty 
catheter. An epidural catheter was placed directly by 
the surgeon, and 1.6 mg of preservative-free mor- 
phine was injected. After completion of the proce- 
dure, the child was awakened and the trachea was 
extubated. Motor function was noted to be intact in 
all four extremities, and the patient was transported 
to the intensive care unit. Recovery was uneventful, 
and the patient was discharged on the sixth postop- 
erative day. 


Discussion 


Loss of spinal cord function is a devastating compli- 
cation of surgical procedures on the spinal column 
and aorta. Monitoring of cord function previously 
required an intraoperative Stagnara wake-up test (4) 
or methods that monitor the electrical continuity of 
spinal cord function continuously over the course of a 
procedure. Although effective, a wake-up test only 
documents the integrity of function at a fixed point in 
time. Methods that monitor electrical continuity of 
spinal cord function allow for continuous monitoring 
of cord function over the course of a procedure. 
Somatosensory evoked potential monitoring records 
electrical continuity of dorsal column (sensory) func- 
tion but may not detect injury to ventral (motor) 
pathways (5,6). This is not surprising, considering 
that the dorsal columns are supplied primarily by 
the paired posterior spinal arteries, whereas anterior 
motor columns are perfused by a single anterior 
spinal artery (7). The presence of a single vessel of 
variable origin makes the lateral motor columns most 
susceptible to ischemia. The distant recording site 
(scalp electrodes) and multisynaptic pathway of SSEP 
monitoring contrasted with the monosynaptic path- 
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way, and direct nerve recording of the NMEP signal 
may account for the increased sensitivity of SSEP 
monitoring to electrical interference observed in our 
patient. 

Monitoring of motor function by stimulation of the 
brain or spinal cord is now possible. Stimulation can 
be performed transcranially by electrical or magnetic 
means. Spinal stimulation may be accomplished 
through percutaneous or epidural electrodes or 
through direct application of current to the cord. 

Transcranial magnetic stimulation is nonnoxious 
and may be performed in the awake patient (8). This 
technique has been applied clinically to successfully 
monitor pathologic conditions in awake patients and 
during scoliosis surgery (8,9). Microelectrode record- 
ings indicate that transcranial electric stimulation 
may actually produce signals generated by extrapy- 
ramidal tract fibers that were activated by vertex to 
hard palate stimulation of the brainstem, rather than 
the intended stimulation of pyramidal tract fibers 
(10,11). In addition, transcranial magnetic and elec- 
trical stimulation of motor-evoked potentials are very 
sensitive to the effects of anesthetics (9,12-14). If 
electromyographic means of signal recording are 
used, complete neuromuscular blockade must also be 
avoided. This combination of light anesthesia and 
absence of paralysis may be fraught with hazard in 
patients undergoing delicate surgical procedures. 

Spinal neurogenic motor-evoked potentials are rel- 
atively simple to perform, and they provide valuable 
information regarding spinal cord motor function. 
Stimulating electrodes are placed percutaneously 
above the site of operation at the base of the adjacent 
spinous processes. Recording electrodes are usually 
positioned over the sciatic nerves. Recording of 
NMEP signals within the spinal cord below the level 
of potential injury is not recommended because an- 
tidromic conduction through sensory pathways may 
conceal motor injury (15). However, recording NMEP 
signals from peripheral sites, such as the sciatic 
nerve, does not involve antidromic sensory conduc- 
tion. Selective spinal cord lesioning in several animal 
models has demonstrated specificity of the NMEP for 
primarily pyramidal motor tracts (15-18). The ability 
of spinal NMEP monitoring to detect and accurately 
predict motor outcome in humans has also been 
documented (15,16). Though no prospective evalua- 
tions exist, a reduction in NMEP amplitude of more 
than 50% is considered to be a significant change 
predictive of outcome and warrants immediate action 
(reduction of distraction or increased perfusion pres- 
sure) (12,19). Latency is insensitive to the effects of 
mechanical distraction or manipulation of the spinal 
cord. 

An NMEP differs from a myogenic motor-evoked 
potential in that the recorded response is neurogenic 
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in origin. Thus, muscle relaxants may be adminis- 
tered without compromise in signal quality. The only 
description of volatile anesthetic effects on NMEP 
monitoring that reported no significant changes in 
amplitude or latency used 1.0 MAC halothane (20). 
However, the signals were recorded within the epi- 
dural space rather than at a peripheral site. Peripheral 
recording provides additional important information 
because a higher level of functional organization than 
simple axonal conduction within the spinal cord is 
required (18). In addition, recording at both sciatic 
nerves permits detection of unilateral cord injury. 
The addition of 1.0 MAC isoflurane to the nitrous 
oxide/narcotic technique used in this patient did not 
compromise the ability to monitor the peripheral 
NMEP signal.. 

The method of unilateral lung ventilation used for 
this child offers several advantages over techniques 
reported previously. Deliberate intubation of a main- 
stem bronchus with a single-lumen endotracheal tube 
may be problematic. Right mainstem intubation fre- 
quently obstructs the right upper lobe bronchus, 
producing unacceptable levels of arterial hypoxemia. 
Left mainstem intubation can be extremely difficult 
but may be facilitated by head manipulation or tube 
position or by manual alteration of the endotracheal 
tube to produce a right bevel, (21,22). However, when 
one-lung ventilation is not required, pulling the en- 
dotracheal tube back into the trachea may result in an 
inability to intubate selectively the left mainstem 
bronchus again. 

Previous reports of selective bronchial blockade in 
children have required two episodes of laryngoscopy 
or rigid bronchoscopy (23-25). The method used in 
our patient required a single episode of laryngoscopy 
with a standard endotracheal tube. By measuring the 
distance from the bronchoscope adapter to the tip of 
the endotracheal tube and by marking the catheter, 
we were able to precisely place the Fogarty catheter. 
After the endotracheal tube was positioned on the 
right side above the right upper lobe bronchus, the 
catheter was inserted to the mark and the endotra- 
cheal tube was withdrawn into the trachea. When 
one-lung ventilation was not required, simple defla- 
tion of the catheter permitted ventilation of both 
lungs without losing the ability to immediately 
resume lung isolation if necessary. 

In summary, we have reported the anesthetic 
management of a child during removal of a large 
intrathoracic tumor with spinal cord involvement. A 
simple and effective means of selective bronchial 
blockade was used. Spinal cord integrity was contin- 
uously monitored by spinal NMEP recorded at the 
sciatic nerves. Isoflurane had no significant effect on 
amplitude or latency of the NMEP signal. 
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Anesthetic Management of a Child With Noonan’s 
syndrome and Idiopathic Hypertrophic Subaortic Stenosis 


Nathan Schwartz, MD, and James B. Eisenkraft, MD 
Departments of Anesthesiology, Albert Einstein Medical Center, Philadelphia, Pennsylvania and The Mount Sinai 


Medical Center, New York, New York 


oonan’s syndrome is a relatively rare hered- 

itary disorder characterized by abnormalities 

of the facial, cardiovascular, and skeletal sys- 
tems (1,2). There has been only one case report 
describing a patient with Noonan’s syndrome in 
which the patient underwent a cesarean section un- 
der regional anesthesia (3). In this report we describe 
the preoperative evaluation and anesthetic manage- 
ment of a child with Noonan’s syndrome complicated 
by idiopathic hypertrophic subaortic stenosis (IHSS), 
a lesion not typically associated with this syndrome. 


Case Report 


A 7-yr-old girl was admitted for elective cholecystec- 
tomy because of repeated episodes of cholecystitis 
secondary to cholelithiasis. The diagnosis of Noonan’s 
syndrome was made when she was 18 mo of age. At 
that time she was admitted with facial abnormalities 
that included hypertelorism, bilateral epicanthal folds, 
antimongolian palpebral slant, ptosis, micrognathia, 
flattening of the midface, low-set ears, and high palatal 
arch. Chromosomal studies showed her to be genotype 
46XX. She exhibited moderate developmental delay, 
pronounced webbing of the neck, widely spaced nip- 
ples, mild lordosis, lower leg edema, short stature, and 
IHSS. Two years before this admission for surgery, she 
had complained of fatigue. An echocardiogram per- 
formed at that time demonstrated IHSS with a small 
ventricular septal defect. She had been clinically con- 
trolled with 12.5 mg/day of atenolol given orally. The 
patient had undergone no previous anesthetic. The 
family history was unremarkable for anesthetic compli- 
cations or other congenital abnormalities. 

Physical examination revealed an alert, coopera- 
tive girl who weighed 22 kg (45th percentile for age), 
and whose height was 93 cm (below third percentile 
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for age). Arterial blood pressure was 100/60 mm Hg, 
heart rate was 86 beats/min, and respiratory rate was 
24 breaths/min. Echocardiogram, performed with se- . 
dation and as a nonstressed study, revealed a hyper- 
trophied septum (1.8 cm thick) with concentric hy- 
pertrophy of a small hyperkinetic left ventricle. A 
small high ventricular septal defect and mild left atrial 
enlargement were noted, There was also muscular 
subaortic stenosis with a 15 mm Hg subaortic gradi- 
ent and mild mitral regurgitation. The electrocardio- 
gram was suggestive of left atrial enlargement and 
left ventricular hypertrophy. 

Preoperative analysis of arterial blood gases 
showed pHa = 7.39, Paco, = 41 mm Hg, and Pao, = 
64 mm Hg breathing room air. Evaluation of her 
airway demonstrated a high palatal arch, moderate 
degree of micrognathia, dental malocclusion, and a 
webbed neck. Radiologic studies showed a mild 
degree of kyphoscoliosis (15°) and lordosis but a 
normal cervical spine. Hemoglobin was 12.4 g/dL, 
and serum electrolytes, creatinine, glucose, aspartate 
transaminase (serum glutamic oxaloacetic transami- 
nase), alanine transaminase (serum glutamic pyruvic 
transaminase), and alkaline phosphatase were within 
normal limits. 

A fiberoptic laryngoscope as well as a variety of 
laryngoscope blades were prepared. The patient was 
orally premedicated with atenolol (12.5 mg) and 
diazepam (5 mg) 2 h before induction of anesthesia. 
Before establishing intravenous access, 4 mg of mi- 
dazolam was administered intranasally. The child 
readily accepted a 22-gauge intravenous catheter in 
her left arm after 10 min. 

After application of electrocardiograph leads, pulse 
oximeter (oxygen saturation [Spo,] = 95%), and non- 


invasive blood pressure monitors, anesthesia was in- 


duced with halothane, nitrous oxide, and oxygen via a 
face mask. Controlled ventilation was begun, and a 
right radial arterial catheter was then inserted for con- 
tinuous monitoring of blood pressure and arterial blood 
gas tensions if needed. A mild tachycardia of 110 
beats/min was controlled with three bolus doses of 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


= 


ANESTH ANALG 
1992;74:464-6 


200 g/kg of esmolol followed by a continuous infusion 
of esmolol before laryngoscopy. The heart rate returned 
to preoperative levels of 80-90 beats/min. Paralysis 
was provided by vecuronium (0.1 mg IV). Three at- 
tempts to directly visualize the glottis using a laryngo- 
scope blade were unsuccessful. Endotracheal intuba- 
tion was finally accomplished by passage of a 3.3-mm 
Riisch introducer-stylet into the trachea as a guide 
followed by the insertion of a 5.0-mm internal diameter, 
uncuffed endotracheal tube inserted over the intro- 
ducer. During the attempts at endotracheal intuba- 
tion, blood pressure, Spo2, and heart rate remained at 
preinduction levels. Anesthesia was maintained with a 
mixture of 0.5%-1.0% halothane, oxygen, and air 
and a continuous infusion of 0.4-0.8 ug-ke'-h7* of 
sufentanil, 100-300 ug kg~'-min™* of esmolol, and 
0.05-0.10 mg-kg~?-h~* of vecuronium. Antibiotic pro- 
phylaxis was with ampicillin and gentamicin adminis- 
tered intravenously. Ventilation was controlled to 
achieve an end-tidal CO, of 35-40 mm Hg, and the 
Spo, was maintained between 90% and 100%. Intrave- 
nous fluids were initially 20 mL/kg of lactated Ringer's 
solution followed by aggressive replacement of losses 
during the intraoperative course. A total of 750 mL 
of fluid was administered intravenously during the 
180-min operation. The estimated blood loss was 
30 mL. Reversal of residual paralysis was accomplished 
with the intravenous administration of 0.2 mg of glyco- 
pyrrolate and 1.5 mg of neostigmine. The trachea was 
successfully extubated during deep general anesthesia. 
During the immediate postoperative period, the heart 
rate and arterial blood pressure were maintained within 
normal limits using a continuous infusion of esmolol. 
Subsequently, B-adrenergic blockade was maintained 
by intravenous propranolol followed by oral atenolol. 
The patient was discharged 3 days after an uneventful 
recovery. 


Discussion 


Noonan’s syndrome is an increasingly recognized but 
relatively rare clinical entity that presents with vari- 
ous congenital anomalies. The syndrome has been 
recognized in phenotypic males who have certain 
anomalies that also occur in females with Turner’s 
syndrome. Both males and females have normal 
karyotypes (1,2). 

The clinical picture of Noonan’s syndrome consists 
of short stature, webbing of the neck, flattening of the 
mid-face, hypertelorism, ptosis, epicanthal folds, an- 
timongolian palpebral slant, micrognathia, ear abnor- 
malities, and a “‘shield-shaped” sternal deformity 
that gives the illusion of widely separated nipples. In 
addition, most patients have pectus carinatum or 
excavatum, cubitus valgus, and frequently, congeni- 
tal heart disease. The most common congenital lesion 
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is pulmonic stenosis either alone or in combination 
with a septal defect, usually atrial (1). The association 
of Noonan’s syndrome with [HSS has been previ- 
ously described (4). Mental retardation, usually mild, 
is a frequent feature of the syndrome. Renal and 
skeletal anomalies have also been described. The 
inheritance may be familial, autosomal dominant, or 
sporadic, but no chromosome abnormality has yet 
been found. 

The anesthetic considerations and potential prob- 
lems of the patient with Noonan’s syndrome include 
the possibility of a difficult airway, impairment of 
cardiopulmonary function, and issues associated 
with mental retardation and short stature. The poten- 
tial for airway difficulties in Noonan’s syndrome, as 
encountered in our patient, is based on the redun- 
dant thick webbed neck, micrognathia, and high 
arched palate, as well as other described facial abnor- 
malities (3). Regional anesthesia was excluded in our 
patient because it was believed that the associated 
vasodilation might increase the subaortic gradient 
and further compromise the patient’s cardiac output. 
Furthermore, the child’s moderate mental retardation 
and potential combativeness, coupled with probable 
technical difficulties associated with the short stature, 
kyphoscoliosis, and lordosis, made regional anesthe- 
sia impractical and potentially dangerous. An awake 
oral or nasal intubation might have been technically 
impractical in a struggling child as well as probably 
difficult due to the described facial abnormalities. 
Furthermore, the detrimental effects of tachycardia 
might again compromise cardiac output. 

The decision to use a slow inhalation induction 
followed by controlled ventilation was made after 
discussion with the parents. A fiberoptic intubation 
set was available in the event of a failed intubation by 
direct laryngoscopy. Endotracheal intubation was 
successfully accomplished using a conventional 
laryngoscope and introducer. 

A cervical spine radiograph is advisable in patients 
with significant short stature before attempting ma- 
nipulation of the neck. This is to exclude atlantoaxial 
instability; otherwise, cervical cord compression may 
result. Although we are unaware of reports of cervi- 
cal instability associated with Noonan’s syndrome, 
odontoid dysplasia with atlantoaxial instability occurs 
frequently in syndromes affecting the axial skeleton 
(5). If the odontoid process is hypoplastic, the atlas 
(Ci) may dislocate anteriorly and may cause spinal 
cord compression (3,5). 

Congenital heart disease is a common component 
of Noonan’s syndrome. Pulmonic valve stenosis was 
encountered in all patients in one series (6), and in 
30%-50% of patients in another study (7). Coarctation 
of the aorta and aortic stenosis were present in 
25%—-40% of patients with Noonan’s syndrome in the 
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same reports (6,7). Eccentric hypertrophy, affecting 
the superior portion of the anterior wall, the septum, 
or the diaphragmatic portion of the left ventricle, and 
progressive obstructive cardiomyopathy have been 
reported previously in association with Noonan’s 
syndrome (5,7). The eccentric hypertrophy fre- 
quently is nonobstructive and asymptomatic. 

The patient we describe is one of the rare cases in 
whom the hypertrophy became obstructive and 
symptomatic (5). A hemodynamically insignificant 
ventricular septal defect (diagnosed by echocardio- 
gram despite absence of characteristic murmur) was 
an additional incidental finding in this patient. The 
degree of dynamic obstruction in IHSS varies with 
the rate of ejection of blood and the volume of the left 
ventricle. Obstruction is increased by tachycardia, 
increased contractility, arterial vasodilation, and de- 
creased preload (8-11). The anesthetic goals therefore 
include maintenance of appropriate intravascular vol- 
ume while avoiding direct or reflex increases in 
contractility or heart rate. 

Children and/or mentally retarded patients present 
the problems of intravenous access and smooth induc- 
tion to a deep level of general anesthesia, both desirable 
conditions for induction in these patients. Intravenous 
access and maintenance of adequate preload were ac- 
complished after premedication. Fluid (20 mL/kg) was 
given just before induction to increase preload. Laryn- 
goscopy was attempted only after achieving deep levels 
of inhalational anesthesia and the administration of 
esmolol. This was to prevent catecholamine release or 
increases in sympathetic nervous system activity and 
tachycardia, which might otherwise have increased the 
subaortic pressure gradient (8). 

The respiratory system is often compromised in 
patients with Noonan’s syndrome because of the 
“shield-shaped” chest, pectus deformity, kyphosco- 
liosis, and short stature (1,2). Preoperative evaluation 
should include chest roentgenogram, arterial blood 
gas determinations, and/or pulmonary function stud- 
ies in these patients. This assessment may be helpful 
in predicting the need for postoperative ventilation, 
intraoperative monitoring, and management. In this 
case it was decided to insert an arterial catheter for 
continuous monitoring of blood pressure as well as 
arterial blood gases if necessary. The low preopera- 
tive Pao, value obtained breathing room air was 
considered to be most likely due to right-to-left 
shunting via the ventricular septal defect, which 
increases when the child cries in response to arterial 
puncture. Because the degree of kyphoscoliosis was 
mild, an increased (A-a) CO, gradient was thought to 
be unlikely. Ventilation was adjusted according to the 
monitored end-tidal CO. 
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The patient with Noonan’s syndrome may also 
have a variety of orthopedic abnormalities (1,2) that 
should be considered in planning the anesthetic. In 
addition to kyphoscoliosis and short stature, patients 
may exhibit cubitum valgum, clinodactyly, and ver- 
tebral anomalies that may affect positioning, protec- 
tion of pressure points with padding, intravenous 
access, and choice of anesthetic technique (regional 
versus general anesthesia). 

In summary, patients with Noonan’s syndrome 
may have a variety of anomalies, some of which 
present challenging anesthetic dilemmas. Preopera- 
tive evaluation should include a thorough evaluation 
of the airway and cardiovascular system. The anes- 
thetic plan should consider the above anomalies and 
be designed to prevent further complications. Inha- 
lation induction of anesthesia allows airway control 
and maintenance of a low left ventricular outflow 
pressure gradient. Halothane and -adrenergic block- 
ers are useful and well tolerated in most patients with 
IHSS. Adequate administration of intravenous fluid 
is advisable to prevent increases in the subaortic 
gradient. 


We thank Jonathan V. Roth, Mp, and Peter Mamunes, MD, for their 
review of this manuscript. 
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Letters to the Editor 


Transillumination to Facilitate 
Venipuncture in Children 


To the Editor: 


Venipuncture in neonates and infants is often a rate- 
limiting step in the performance of a smooth anesthetic. 
Children who are obese, darkly pigmented, or chronically 
ill may pose a challenge to successful venipuncture even 
after the administration of a vasodilating inhaled anes- 
thetic. Originally used as an aid to the diagnosis of hydro- 
cephalus, Kuhns et al. (1) visualized vascular anatomy by 
transillumination through the subcutaneous tissue. As 
most transilluminating devices require electrical outlets, the 
patient is exposed to possible thermal injury from pro- 
longed contact. Furthermore, they are bulky to use. Thus, 
they have not found widespread application for routine 
venipuncture. 

By using two closely positioned fiberoptic lights, a 
venous transilluminator (Landry Vein Light, Applied Bio- 
tech Products, Lafayette, La.) effectively illuminates non- 
visible veins under the skin without the danger of thermal 
injury (Figure 1). The venous transilluminator focuses two 
intense light beams at an adjustable distance into and 
beneath the skin to localize the dark venous structures. 
These absorb some of the intense light and are highlighted 
from the soft tissues. After dimming ambient light, the 





Figure 1. The transilluminator highlighting a vein on an infant's 
hand. 
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venous transilluminator is turned on and the fiberoptic 
arms scan over the skin surface to visualize underlying 
structures. The most reliable areas are the forearm, the 
dorsum of the hand, and the volar surface of the wrist, all 
of which readily display their superficial venous anatomy. 
After tourniquet application and localization of a suitable 
vein, the light source arms are finely adjusted to maximize 
enhancement of the venous outline and the instrument is 
fixed in position with a Velcro strap. Venipuncture with a 
22-gauge catheter for infants and a 24-gauge for newborns 
and prematures is then accomplished in the customary 
fashion. In premature infants, the relative absence of sub- 
cutaneous fat and the diaphanous nature of the skin 
permits easy access in all parts of the extremities. 

After facility is gained, venipuncture is usually success- 
ful on the first attempt. The technique cannot be extended 
to assist in the percutaneous placement of am arterial 
catheter. Light absorption from the pulsating arteries does 
not readily occur as they are deeper and lighter than the 
veins (2). 

Miles Dinner, MD 

Department of Anesthesiology 

Cornell University Medical College 
and The New York Hospital 


1300 York Avenue 
New York, NY 10021 
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False-Positives With the End-Tidal 
Carbon Dioxide Detector 


To the Editor: 


We read with interest the article by Ping et al. (1), which 
suggests that capnography lacks some of the attributes of 
the ideal monitor for detecting esophageal intubation. The 
authors clearly demonstrate that CO, waveforms are ob- 
served after intragastric administration of a carbonated 
beverage. We wish to point out that the recently introduced 
Easicap (Nellcor Inc., Hayward, Calif.) disposable end-tidal 
CO, detector (2) may also exhibit this potential hazard. 
Here, a color change indicating correct tracheal tube place- 
ment can occur on exposure to low concentrations of CO,, 
even though the endotracheal tube has actually been placed 
in the esophagus. These false-positive situations can poten- 
tially also occur with the CO, detector after ingestion of 
carbonated beverages such as Diet Coke, Classic Coke, 
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Pepsi, 7 Up, carbonated mineral water, and the antacids 
Maalox and sodium bicarbonate. 


David O'Flaherty, MB 
University of Texas 

Southwestern Medical Center 
5323 Harry Hines Boulevard 
Dallas, TX 75235-9068 


A. P. Adams, PhD 
Anaesthetics Department 

United Medical and Dental Schools 
Guy's Hospital 

London, England 
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In Response: 


We agree completely with the comments of Drs. O'Flaherty 
and Adams. Disposable end-tidal CO, detectors are semi- 
quantitative capnometers and may not identify an esopha- 
geal intubation as readily as capnography. An abnormal 
CO, waveform provided by a capnograph may be the only 
early clue to identifying an esophageal intubation. It must, 
nevertheless, be remembered that a normal CO, waveform 
during the first few ventilations is not synonymous with a 
properly placed endotracheal tube. 


Sam Sum Ping, MB ChB, FFARCS 
Mahesh Mehta, MD 

Tommy Symreng, MD, PhD 
Department of Anesthesia 

The University of lowa 

College of Medicine 

Iowa City, LA 52242 


Epidural Morphine in a Small 
Community Hospital: A False Sense 
of Security 


To the Editor. 


I read with interest the paper by Cross and Hunt (1) 
describing the feasibility of using epidural morphine for 
postoperative analgesia in a small community hospital. In 
similar circumstances, that is to say a 200-bed general 
hospital with the duty anesthetist within 10 min at night, 
we successfully and safely use intermittent boluses of 4-mg 
preservative-free diamorphine in 10-mL saline via an in- 
dwelling lumbar epidural catheter for postoperative anal- 
gesia. We have experienced no major complications, and 
the incidence of minor complications, as substantiated by 
the literature (2-6), is entirely acceptable. Indeed, the 
incidence of nausea and consumption of antiemetics is less 
in these patients. 

However, I believe that there are several serious flaws in 
the practice described by the authors. A review of the use of 
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epidural morphine (7-9) shows ventilatory depression to be 
clearly associated with patients older than 70 yr, thoracic 
epidurals, preexisting reduced ventilatory capacity, and 
concomitant administration of systemic opiates. Despite 
this body of experience, 15 of the 52 patients were older 
than 70 yr and peroperative concomitant opiates were used 
freely. The authors ask, but do not answer the question 
“would our incidence of complications be unacceptably 
high compared with the more traditional use of parentral 
opiates?” I would suggest that 2 of 25 patients requiring the 
treatment of respiratory depression with naloxone immedi- 
ately postoperatively is considerably higher than would be 
expécted in similar patients managed conventionally. 

The authors correctly comment that the potential early 
respiratory depression in all postoperative patients dictates 
a high degree of monitoring in the anesthetic room. In this 
environment, they were happy to administer supplemen- 
tary parentral morphine. However, epidural morphine 
exhibits biphasic respiratory depression (10) and further IV 
boluses of morphine seem to be administered outside the 
recovery room. In a few patients additional epidural opiates 
(hydromorphone, fentanyl, and sufentanyl) were used, 
producing what must be a quite unpredictable cocktail. To 
accept a lesser degree of monitoring in these circumstances 
is illogical. 

We are successful in the use of an epidural opiate 
technique because we use an opiate with more favorable 
physical properties and pharmacokinetic profile (11-14), 
the minimum monitoring of each patient is by nurse 
observation and pulse oximetry, we administer supplemen- 
tary oxygen continuously, and we avoid the concomitant 
use of parentral opiates. Nonsteroidal antiinflammatory 
agents, intramuscularly or rectally administered, are useful 
adjuncts. 


Murray J. Spittal, FCAnaes 
Princess Alexandra Hospital 
Royal Air Force 

Wroughton, Swindon 
Wiltshire, SN4 OQJ, England 
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In Response: 


We appreciate the opportunity to respond to Dr. Spittal’s 
comments regarding our paper (1). To start, we would like 
to clarify a few basic facts that we apparently did not make 
clear in our paper, and then we would like to discuss some 
of the more philosophical points raised by Dr. Spittal. 

First, we used no thoracic epidurals in our acute pain 
service (APS). Second, as we stated, our dose of epidural 
morphine was tailored to the age, overall condition of the 
patient, and degree of pain relief obtained. Third, we had a 
total of three patients out of the 52 that we reported in 
detail in whom clinically significant respiratory distress 
developed (two in the postanesthetic recovery room and 
one delayed). This does not translate into 2 of 25, even 
counting the acute cases. However, our total APS popula- 
tion at the time was more than 150. There are now well over 
300 patients included in the APS with no recurrences of 
delayed respiratory depression, making the incidence 
about 0.3% to date. Fourth, the comparison of delayed 
respiratory depression with early respiratory depression in 
the postanesthetic recovery room is inappropriate. The 
need for low-dose naloxone reversal of clinical respiratory 
depression after opioid-based general anesthesia is cer- 
tainly not a rare occurrence (2,3) even in the absence of 
epidural opioids. Because of the very nature of postanes- 
thetic recovery areas, we believe the use of epidural opioids 
need not exclude per se the use of intraoperative parenteral 
opioids. 

Dr. Spittal states that diamorphine has a much better 
pharmacokinetic profile for clinical safety than morphine. 
Although a discussion of less favorable parts of that profile 
(such as duration of action) might be of interest, the 
overriding consideration is that diamorphine (heroin) is an 
illegal drug in the United States and is unavailable for 
clinical practice. Therefore, any comparison of benefits 
between morphine and diamorphine would be merely an 
academic exercise. 

We are certainly aware of the diphasic nature of the 
respiratory depression produced by epidural morphine. 
This does not mean that they are all clinically significant. 
Subjects in the paper cited by Dr. Spittal (4) were nonsur- 
gical patients with chronic low back pain and were injected 
with a dose of morphine larger than is customarily used in 
our APS. It is understandable to us that clinically significant 
respiratory depression occurred in 1 of 7 patients in that 
study. 

In clinical practice, the primary goal of pain manage- 
ment is pain relief. We see little justification for demanding 
that the patient’s pain be relieved by a preselected dose 
based on the opioid type and route of administration. 
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Therefore, we occasionally elected to administer supple- 
mental opioids as needed to provide adequate pain relief. 
These were either (a) fat-soluble opioids with a more rapid 
onset but shorter duration of action administered epidur- 
ally with morphine to hasten the onset of pain relief, or 
(b) parenteral morphine administered to give temporary 
pain relief when the epidural morphine began to wear off 
before the catheter could be reinjected. Such a management 
regimen has not resulted in any cases of clinical respiratory 
depression in the APS to date (our one patient with delayed 
respiratory depression received no supplemental narcot- 
ics). 

Although Dr. Spittal refers to a “lesser degree of moni- 
toring,” the fact is that there is still no “standard of 
monitoring’ established for patients receiving epidural 
opiates. We can only refer Dr. Spittal back to references in 
our original paper that show parenteral morphine to cause 
a significant incidence and severity of hypoxemia in closely 
monitored postoperative patients, and an added reference 
quoted by Dr. Spittal (5) that associates parenteral mor- 
phine with an “unstable pattern of arterial oxygen satura- 
tion.” Therefore, before patients receiving epidural opioids 
are subjected to a “higher standard of monitoring,” one 
should show that (a) the risk of clinical respiratory depres- 
sion associated with epidural opioids is significantly higher 
than that of parenteral opioids, which could warrant the 
added expense and inconvenience of added monitoring, 
and (b) that the added monitoring will make a difference. 
We are not aware of any studies that prove either point. 

Moreover, in our experience, problems associated with 
the use of pulse oximeters and apnea monitors made their 
use both ineffective and potentially dangerous when used 
to monitor postoperative patients receiving epidural 
opioids. Postoperative patients move around, causing a 
high incidence of false alarms. The incidence is even higher 
if one sets the oximetry alarm at an oxygen saturation one 
considers “safe” (90 or above). It is human nature eventu- 
ally to ignore alarms under such circumstances. Worse yet, 
the alarm at the patient’s bedside is often inaudible at the 
nurses’ station. Not only are studies lacking that show that 
added monitors make a difference in-detecting delayed 
clinical respiratory depression in patients receiving epidu- 
ral opioids, we see even less justification for the costs of a 
“higher standard of monitoring” for these patients when 
the “higher” standard may be unreliable and, by its pres- 
ence, lead to a false sense of security. As vigilant nursing 
observation is needed regardless of the route of opioid 
administration, we elected to monitor patients only by that 
method. The adequacy of the policy has been confirmed by 
our clinical experience and that of others as referenced in 
our original paper. The fact that Dr. Spittal states that he 
has not experienced any major complications makes us 
wonder whether routine pulse oximetry has proven itself to 
be essential in his practice as well. On a similar note, 
Dr. Spittal’s standard of providing supplementary oxygen 
to all his patients receiving epidural opioids is commend- 
able. However, are other patients who receive only paren- 
teral opioids not likewise at risk for hypoxemia and deserv- 
ing of an equal standard of care? 

Respiratory depression is an inevitable complication of 
postoperative opioid therapy and clinically significant res- 
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piratory depression will develop in an occasional patient 
regardless of the route of administration. Therefore, the 
effectiveness and safety of any APS should be evaluated by 
asking (a) whether adequate pain relief is obtained in 
postoperative patients at an acceptable incidence of clini- 
cally significant respiratory depression compared to con- 
ventional opioid administration, and (b) whether the APS 
policies include effective means of detection and allow 
appropriate treatment of complications without unneces- 
sary discomfort, cost, or inconvenience to the patient. We 
believe that in our APS, both questions have been an- 
swered affirmatively. 


David A. Cross, MD 

Department of Anesthesiology 

University of South Alabama Medical Center 
Mobile, AL 32517 


John B. Hunt, MD 

Department of Anesthesiology 
White-Wilson Medical Center 
Fort Walton Beach, FL 32548 
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Epidural Anesthesia in Patients With 
Klippel-Trenaunay Syndrome 


To the Editor: 


We read with interest the case report by Eastwood (1) and 
would like to make some comments. 

Based on the physical examination findings, we are 
inclined to think that the patient suffered from Klippel- 
Trenaunay syndrome. These patients are characterized by 
the presence of a “port wine” hemangioma on either the 
neck, trunk, or upper or lower extremities that is associated 
with spinal cord arteriovenous malformations (2—4). Vari- 
cose veins, bone, and soft tissue hypertrophy may also be 
present. 

As mentioned by the author, these cord lesions may 
bleed spontaneously after straining or coughing. In fact, 
80% or more of these angiomas spontaneously bleed at 
some time during the life of the patient (2). This occurrence 
is due to loss of autoregulation in the arterial “feeders” of 
the tumor, resulting in pressure directly transmitted to the 
abnormally thin-walled vessels that connect the arterial and 
venous side, thus causing hemorrhage. In about 90% of the 
cases, bleeding is contained within the lesion, and no 
neurologic deficit occurs (3). Yet, the incidence of rebleed- 
ing is high even in the absence of hypertension (3). 
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The author contends that the insertion of the epidural 
catheter primed by increased luminal pressure produced by 
both the ligation of venous drainage from the area and 
severe coughing resulted in bleeding of the lesion. Al- 
though we agree that peridural techniques are contraindi- 
cated in patients with Klippel-Trenaunay syndrome (4), we 
theorize that in this case it may have occurred even if an 
epidural catheter would have never been placed owing to 
the time-course of the events. Assuming that injury to the 
lesion occurred on insertion of the catheter, we question 
why the neurologic deficit appeared 30 min after comple- 
tion of the case. Assuming that the operation lasted 90 min, 
that would total 2 h after the insertion of the catheter. We 
would have expected neurologic signs to appear earlier, 
especially in a patient who received heparin in the early 
part of the case. 

Perhaps, the patient had a bleeding episode before 
surgery, and the coughing, straining, and sudden increases 
of blood pressure produced further bleeding and the epid- 
ural hematoma. 

Additionally, we would like to point out that hypovole- 
mia may precipitate thrombocytopenia, hypofibrinogen- 
emia, elevated levels of fibrinopeptide A, and fibrinogen 
degradation products in some patients with large heman- 
giomas (Kasaback-Merritt syndrome). These patients may 
progress to disseminated intravascular coagulation that 
responds only to tumor resection (5,6). As this is usually 
not feasible, maintenance of adequate intravascular volume 
and normal hemodynamics is most important in patients 
with Klippel-Trenaunay syndrome. 

Finally, we suggest that removal of epidural catheters in 
patients who have received heparin be withheld until one 
has documented a norma! partial thromboplastin time. We 
are currently conducting a study in patients who needed 
full heparinization while the epidural catheter was in place. 
In 18 patients, we have not seen the development of 
epidural hematomas despite a mean heparinization time of 
2 wk. We discontinue the catheter once heparin is switched 
to coumadin and the partial thromboplastin time returns to 
normal. 


Oscar A. de Leon-Casasola, MD 
Mark |. Lema, PhD, MD 
Department of Anesthesiology 
SUNY at Buffalo, School of Medicine 
and Biomedical Sciences 
Buffalo, NY 14263 
and 
Roswell Park Cancer Institute 
Elm and Carlton Streets 
Buffalo, NY 14263 
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In Response: 


The hemangioma over the clavicular area of the patient I 
reported was made up of tortuous, distended veins and 
was not a “port wine” arteriolized capillary type as re- 
ported in the Klippel-Trenaunay-Weber syndrome, the 
anesthetic management of which was reported by de Leon- 
Casasola and Lema (1). A similar venous plexus was found 
at surgery in the cervical epidural area. No elephantiasis of 
the arm or musculoskeletal hypertrophy were present as is 
frequently found in this syndrome. 

It is my impression that an enlarged vein was injured 
during catheter placement, but no significant bleeding 
occurred until after surgery when the patient coughed 
vigorously and the symptoms of epidural pressure rapidly 
progressed. Although the hematology consultant found no 
abnormal clotting studies, this was done after the epidural 
catheter had been removed. 

I thank Drs. de Leon-Casasola and Lema for their 
comments and agree that a partial thromboplastin time 
measurement after heparin therapy before removal of the 
epidural catheter is wise. I also agree that epidural anes- 
thesia is contraindicated if any type of hemangioma is 
identified in the same dermatome. 


Douglas W. Eastwood, MD 
School of Medicine 

Case Western Reserve University 
2078 Abington Road 

Cleveland, OH 44106 
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Insulation of Heated Wire Circuits 


To the Editor: 


Mizutani et al. (1) recently recommended that insulating 
the inspiratory limb of the servo-controlled ventilation 
tubing with orthopedic felt can improve the performance of 
the servo-controlled heated humidifier. At our institution 
we currently are using the Marquest SCT2000 heated hu- 
midifier with 48-in disposable heated wire breathing circuit. 
We have often experienced the problem of low-temperature 
alarming owing to cool air from the vents and air- 
conditioners blowing directly on the circuit. A caution label 
attached to each circuit supplied by Marquest reads as 
follows: CAUTION: Do not place material on or around the 
heated wire circuit. Objects such as pillows, towels, blan- 
kets, sheets, drapes, or heavy tape may overinsulate the 
circuit, impede normal heat convection, and cause damage 
to the circuit or interruption of treatment. 

Recently, when a Marquest heated wire circuit had been 
wrapped with a disposable paper towel because of persist- 
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Figure 1. Heated wire circuit insulated with disposable paper 
towel. 





Figure 2. Melted circuit beneath towel. 


ent low-temperature alarming, melt-down of the corru- 
gated tubing resulted beneath the insulated portion of the 
tubing. This leak was discovered when the low minute 
ventilation alarm sounded and the circuit was removed (see 
Figures 1 and 2). 

Although the insulating of ventilation hoses can eco- 
nomically improve the performance of the servo-controlled 
heated humidifier as demonstrated by Dr. Mizutani, it can 
also result in tubing melt-down if a heated wire circuit is in 
use. 


David Wood, MD 
Malinda Boyd, MD 

Carol Campbell, MD 
Department of Anesthesia 
Louisiana State University 
Charity Hospital New Orleans 
New Orleans, LA 70112-2822 
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In Response: 


The insulation of circuit hoses with heated wire circuits 
may introduce problems as noted by Wood et al. The 
application of insulating material to breathing circuits was 
recommended as an economical substitute for heated wire 
systems, thereby eliminating the need and expense of 
heated wires (1). We agree that these two methods of 
maintaining circuit heat should not be used simulta- 
neously. 


Alan R. Mizutani, MD 

George Ozaki, AS 

Ronald Rusk, AS 

Department of Anesthesiology 

University of California, San Diego, Medical Center 
San Diego, CA 92103-1990 
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Endrate or Amidate Again 


To the Editor: 


We read the letter by Dr. Murphy (1) regarding edetate 
disodium (Endrate, Abbott Laboratories, North Chicago, 
Ill.) and etomidate (Amidate, Abbott Laboratories) with 
interest. We also have experienced several incidences of 
confusion with etomidate and edetate disodium. On two 
occasions, resident anesthesiologists received Endrate in- 
stead of the 20-mL size of Amidate. One incident was the 
result of an Endrate 20-mL ampule being incorrectly placed 
in the 20-mL Amidate box in the operating room pharmacy. 
A standard practice is to arrange pharmacy stock in alpha- 
betical order by generic name. Thus, these items can be 
easily misplaced. To decrease this error, we decided to 
provide Amidate as the 10-mL ampule. Another incident 
occurred when an anesthesiologist picked up an ampule 
from the pharmacy counter and shortly returned with the 
Endrate and said “This is not what I want.” On August 23, 
1990, we sent a request to Abbott Laboratories to examine 
their labeling of these products to help minimize the 
similarity of appearance. Their written response of October 
8, 1990 (personal communication) stated that no labeling 
changes were planned. Although Abbott does comply with 
Food and Drug Administration labeling requirements and it 
is every practitioner's responsibility to double-check prod- 
uct labels, we believed their inaction was insensitive to the 
realities of practice. 

The pharmaceutical industry and pharmacy buying 
groups should become more sympathetic to the potential 
for human error. Mere color coding instills a false sense of 
security. We need labels that are clear and easy to read 
when placed on ampules and vials. Similar-appearing and 
similar-sounding items must be readily distinguishable. 
Although uniform labels may work well for soup, pharma- 
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ceutical labeling should emphasize the product rather than 
a corporate identity. 


Sandra L. Bardas, BS 
Victoria F. Ferraresi, PharmD 
Department of Pharmacy 

Stanford University Hospital 
Stanford, CA 94305 
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Alterations to the Patil-Syracuse 
Mask for Fiberoptic Intubation 


To the Editor: 


In a recent letter, Williams et al. (1) reported the risk of 

ing part of the silicone membrane used with the 
Patil-Syracuse (P-S) mask into the patient’s trachea during 
fiberoptic intubation. A similar complication was reported 
by Zornow and Mitchell in 1986 (2). At my facility, I have 
difficulty maintaining a stock of the silicone membranes for 
the P-S mask and have found that they are relatively 
expensive, costing almost twice the price of an endotra- 
cheal tube (ETT). In addition, when a cuffed ETT is pushed 
through the diaphragm, the diaphragm frequently ruptures 
as the cuff passes through the hole in the diaphragm. 
Therefore, I have devised the following guidelines when 
using the P-S mask: 


1. Only noncuffed ETTs are used with the silicone dia- 
phragm. This generally means a 5.0 ETT, although a 
well-lubricated 6.0 ETT can pass through the silicone 
diaphragm without tearing the diaphragm. 

2. For larger ETTs with cuffs, a disposable diaphragm is 
fashioned by cutting off the entire length of the little 
finger of a nonsterile rubber glove. This “condom” is 
pulled over the mask opening for the fiberscope and a 3- 
or 4-mm-long slit is cut in the tautly stretched rubber 
with a needle. A warmed and lubricated ETT is gently 
inserted through the diaphragm as the rubber is allowed 
to relax around the ETT. This mask-diaphragm-ETT 
assembly is then placed over the patient’s mouth with 
the ETT directed into an in-place oral airway. When the 
fiberscope has been directed into the trachea and the 
ETT is ready to be advanced, the rubber diaphragm is cut 
away and removed so as to ensure that none of it is 
carried into the airway. 


There are numerous variations of the P-S mask possible 
with any variation of a T-tube that will fit a mask and a 
circuit, e.g., a “~peep-saver” or in-circuit oximeter connector 
(3). I am aware of two commercial products that address 
this problem, but thus far I have been unable to find them 
in the United States (4,5). Perhaps in the future a more 
durable and less expensive diaphragm for the P-S mask will 
be available here. But for the time being, whenever I use 
the P-S mask with either the silicone diaphragm or one of 


ANESTH ANALG 
1992;74:467-77 


my own making, I check the diaphragm before advancing 
the ETT to ensure that all parts of it can be accounted for. 


Ken Davis, LtCol USAF MC 
Wilford Hall, USAF MC 
Lackland AFB, TX 78249 
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An Alternative Diaphragm for 
Patil-Syracuse Masks 


To the Editor: 


Williams and colleagues (1) present a case of a potential 
airway foreign body resulting from use of a Patil-Syracuse 
mask. The foreign body resulted owing to rupture of the 
rubber diaphragm through which the bronchoscope and 
endotracheal tube are passed during endotracheal intuba- 
tion. 

During my use of a Patil-Syracuse mask, the diaphragm 
also ruptured and created rubber fragments that potentially 
could have been introduced into the patient’s airway. 
Fortunately, the defect was noticed and introduction of a 
foreign body did not occur. As stated, the diaphragms are 
made of very thin, weak rubber that tears easily. The 
diaphragm may allow passage of a small bronchoscope, but 
a large bronchoscope or endotracheal tube would likely 
often rupture the diaphragm. 

To solve this problem, I have been making a diaphragm 
out of material from a latex surgeon’s glove. The procedure 
to make the diaphragm is described below (Figure 1). 


1. Place two layers of rubber glove over port of mask 





Figure 1. 
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2. Secure rubber over port of mask by tying cotton umbil- 
ical tape or heavy suture around port, leaving rubber 
taut but not overstretched 

3. Cut excess rubber away from port, leaving 2-3-mm 
margin 

4. Cut a cross-shaped incision through diaphragm, each 
approximately 5 mm long 

5. Lubricate diaphragm well before using 


Any size bronchoscope and up to an 8-mm endotracheal 
tube can pass through this diaphragm without difficulty. 
Occasionally the cuts in the diaphragm have torn slightly, 
but inspection after use suggests that no rubber fragments 
have ever ruptured from the diaphragm. 

I too find the Patil-Syracuse mask to be a very valuable 
aid in fiberoptic intubation (1-3). Having a patient well 
anesthetized with an inhaled anesthetic throughout the 
intubation procedure makes teaching fiberoptic intubation 
less stressful on the patient as well as the anesthesia team. 


John G. Thomas, MAJ, MC, U.S. Army 
Institute of Surgical Research 

Brooke Army Medical Center 

San Antonio, TX 78234 


References 


1. Williams L, Teague PD, Nagia AH. Foreign body from a Patil-Syracuse 
mask. Anesth Analg 1991;73:359-60. 

2. Patil VU, Stehling LC, Zauder HL. Fiberoptic endoscopy in anesthesia. 
Chicago: Year Book Medical Publishers, 1983:27-8, 103. 

3. Rogers SN, Benumof JL. New and easy techniques for fiberoptic 
endoscopy-aided tracheal intubation. Anesthesiology 1983;59:569-72. 


The views expressed in this letter are those of the author and do 
not reflect the official policy of the Department of the Army, 
Department of Defense, or the United States Government. 


Antiemetic or Antinauseant Effect 
of Ondansetron? 


To the Editor: 


The recent papers on the antiemetic action of ondansetron 
(1,2), with the accompanying editorial (3), highlights one of 
the major pharmacologic advances in recent years. No 
longer practicing in anesthesiology, we have had consider- 
able experience with ondansetron in oncology where drug- 
induced sickness is a very major problem, particularly 
cisplatin. Here the benefits of ondansetron are such that it 
has been said that “the days when patients refuse cancer 
therapy because of the severity of drug-induced nausea and 
vomiting should be over” (4). We have found it to be the 
only drug that will terminate an actual emetic episode, in 
comparison with the prophylactic effect of the older anti- 
emetics. 

However, two of our findings could be of interest to 
anesthesiologists. Ondansetron is much more effective in 
preventing vomiting than in reducing nausea. This may not 
be as major a problem in the postoperative period as after 
chemotherapy, when it can persist for several days. In this 
situation we have found stimulation of the P6 acupuncture 
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point to be a valuable adjuvant to ondansetron (5,6), and 
this may be helpful in the postoperative period. We have a 
strong clinical impression that ondansetron is particularly 
effective against sickness from opioids: this could be very 
useful in anesthesia practice where much of the sickness 
can be due to such drugs. 


J. W. Dundee, MD 

C. M. McMillan, BSc 
Department of Anaesthetics 

The Queen's University of Belfast 
Belfast, Northern Ireland 
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Epidural Kits: Incompatible Contents 


To the Editor: 


Recently in this department we have begun to use Perifix 
continuous epidural anesthesia kits (Burron Medical, Inc.) 
for the relief of pain during labor. On two occasions, using 
this kit and a loss of resistance technique to identify the 
extradural space, there was loss of resistance as soon as the 
glass syringe was attached to the Tuohy needle. This loss of 
resistance remained despite advancing the Tuohy needle 
into the interspinous ligaments. On both occasions, the 
needles were withdrawn and retained for inspection. The 
epidural was carried out using a new Tuohy needle and 
syringe. 

After examining both the syringes and needles, it was 
found that the syringe maintained constant pressure when 
tested against a finger pulp. However, the plastic hub of 
the Tuohy needle was noticed to be cracked (Figure 1). 
When these syringes and needles were tested as a unit 
against a constant pressure, loss of resistance occurred in 





Figure 1. The metal tip of the syringe is shown aligned next to the 
cracked plastic hub of the Tuohy needle. 
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the syringe owing to an air leak from the cracked hub. 
These cracks presumably occurred during the extradural 
block when the metal tip of the syringe is fitted into the 
plastic hub of the Tuohy needle, metal being stronger than 
the plastic. This problem may be avoided by using either 
plastic-tipped syringes or metal-hubbed needles in these 
kits. 

Kenneth W. Patterson, FFARCSI 

Department of Anesthesiology 

University of Texas Medical Branch 

Galveston, TX 77550 


Unusual Complication of 
Tracheal Intubation 


To the Editor: 


We report a case of defect of an endotracheal tube (ETT)- 
induced ventilatory leakage, undetected by preinduction 
checking. The No. 34 Rush ETT was routinely checked 
before thyroidectomy under general anesthesia: the cuff 
was inflated for 20 min without evidence of air leakage. The 
flexible ETT was a latex-armored tube. An air leak became 
apparent during surgery after 20 min of controlled respira- 
tion through the orotracheal tube. The pilot balloon was 
noticed to be deflated, and regular inflation of the cuff was 
necessary during the termination of the procedure. After 
extubation of the patient’s trachea, the ETT was checked 
and the cuff was again inflated. With surprise we observed 
that the cuff and the pilot balloon remained inflated! A 
defect on the pilot balloon line was therefore suspected. We 
slightly stretched the ETT. At that time the cuff and the 
pilot balloon spontaneously deflated. A small puncture was 
found on the pilot balloon line (Figure 1). This very unusual 





Figure 1. The balloon line is filled with air and water. A bubble is 
trapped on the leak when the endotracheal tube is bent. 


complication of an ETT became apparent only when the 
surgeon applied a slight pressure on the neck for the 
thyroidectomy. The pilot balloon line is rarely involved in 
complications of tracheal intubation (1,2). Our letter seems 
to be the first report of a leak of the pilot balloon line that 
could not be detected by the usual preanesthetic checks. 
L. Lacoste, MD 

D. Thomas, MD 

Department of Anesthesiology and Surgical Intensive Care 

Centre Hospitalier et Universitaire de Poitiers 

BP 577, 86021 Poitiers Cedex, France 
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Alcohol After Midazolam Sedation 


To the Editor: 


I found the article by Lichtor et al. (1) a valuable contribu- 
tion to our knowledge of interaction between sedatives and 
alcohol. I would, however, raise two points of fact. 

First, the units of blood alcohol concentration reported 
as mg/100 mL were 100 times too low, e.g., 0.56 + 0.13 
should have been 56 + 13 (which is the same as 12.2 + 
2.8 mmol/L). 

Second, the alcohol concentrations and equivalents of 
the various beverages, beer, wine, and spirits, seem a little 
odd to this frequent visitor to the United States. Given the 
ratio of volumes, i.e., 1.4 L of beer, 950 mL of wine, and 
180 mL of hard liquor, and assuming hard liquor to be 40% 
alcohol (a fairly universal standard), we can deduce that 
beer should contain 5.14% alcohol and wine 7.5%. I have 
never been able to obtain American beer as strong as that 
(more’s the pity), and a quick perusal of 12 different bottles 
of California wine on my local wine merchant’s shelves 
showed an alcohol content varying from 12% to 13%. I 
doubt if many of your readers would equate 1.4 L of beer 
(about four cans) with a quarter of a bottle of bourbon, let 
alone 1.3 bottles of wine! 

Otherwise I enjoyed the paper. 


D. B. Scott, MD, FRCPE, FCAnaesth 


Department of Anaesthetics 
Royal Infirmary 

Edinburgh EH3 9YW 
Scotland 
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Pain Upon Injection in the Epidural 
Space: Common and Unexplained 


To the Editor: 


Miguel et al. (1) recently reported a case of multiradicular 
pain associated with epidural injection and suggested that 
this side effect had not been previously reported in the 
literature. There is no doubt, however, that sharp, acute 
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pain on injection in the epidural space is well recognized, if 
not satisfactorily explained. 

Pain or discomfort can occur on injection of less than 
20 mL in the lumbar epidural space, during epidural blood 
patch (2). In 1983, Crawford et al. (3) reported results from 
a multicenter study on long-term epidural treatment with 
transcutaneous epidural catheters. They recognized the 
importance of pain on injection and stated that “Reasons 
for removing an extradural catheter were injection-related 
pain, ....” Arner et al. (4), in a nationwide survey in 
Sweden concluded that among other technical problems, 
“... injection pain was an obstacle to successful treat- 
ment.” Olsson et al. (5) mentioned pain on injection in an 
overview stressing the importance of preoperative and 
postoperative teaching of the patient and the family. Liew 
and Hui (6) in a series of 252 cancer pain patients, mostly 
with bone metastasis, stated that “the major drawbacks 
were catheter failure which required reinsertion, and sharp 
pain during injection in the later stages of therapy.” Re- 
cently, Plummer et al. (7) showed on a retrospective study 
of 313 patients that more than 12% of patients experienced 
pain on epidural injection. This was the most frequent side 
effect encountered and led to the removal of the catheter in 
some patients. Our own experience with more than 100 
patients with implanted epidural catheters certainly con- 
firms that pain on injection is a common problem, regard- 
less of the level of insertion of the catheter. 

Pain on injection in the epidural space comes as no 
surprise for clinicians with experience in long-term spinal 
opiate administration. The nature of the pain ranges from a 
dull, ill-localized discomfort to an excruciating unilateral or 
bilateral radicular pain. Decreasing the rate of injection 
and/or the volume of the bolus dose can solve the problem 
satisfactorily in most but not all patients. It should be 
mentioned that not infrequently, the pain on injection 
spontaneously decreases or even disappears after a few 
days or weeks. 

The mechanism that causes pain on injection in the 
epidural space is essentially unknown. Irritant solution 
(alcohol or phenol) as well as high doses (or concentrations) 
of morphine can cause pain in animals (8) and humans (9). 
On the other hand, pain seems consistently related to 
either the volume or the pressure of the injection, or both, 
and might therefore involve an altered compliance of the 
epidural space. Although pain on injection might be more 
frequent with the occurrence of epidural metastasis, previ- 
ous spinal radiotherapy, vertebral collapse, or when the 
catheter has been in place for longer periods (usually more 
than 6-8 mo), no convincing correlation has been demon- 
strated. Although fibrosis is known to occur in the epidural 
space after long-term use of an epidural catheter, these 
changes are usually minor and of questionable clinical 
relevance. 

In conclusion, we wonder whether or not Miguel et al. 
have described an entity that is different from a long known 
and often reported phenomenon. If an altered compliance 
results in a painful compression (or dilatation), it seems 
irrelevant whether air or liquid is injected. We therefore 
believe that Miguel et al.’s observation cannot be consid- 
ered as princeps, and that it is, at best, a trivial variation of 
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a common and previously reported side effect of injection 
in the epidural space. 


Eric E. Buchser, MD, DEAA 
Dominique Chédel, MD, DEAA 
Service d'Anesthésiologie et d' Antalgie 
Hôpital de Zone 

1110 Morges, Switzerland 
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In Response: 


We appreciate Dr. Buchser and Chédel’s time and effort to 
raise some interesting observations. However, we caution 
them in possibly missing the point. The acute volume 
change produced by the injection of fluid into the epidural 
space at any level certainly has the potential to produce 
discomfort and a radicular syndrome. The etiology of that 
pain is somewhat nebulous. Our main postulate in the 
publication was that loculated air in the epidural space 
effectively decreased the volume of an already anatomically 
smaller epidural space, thereby predisposing to the devel- 
opment of the multiradicular syndrome. That the pain 
syndrome elicited was multiradicular in symptomatology 
further underscored air as an etiologic factor, as air could be 
found along the corresponding dermatomal segments to 
the multiradiculopathy. As air had not been previously 
identified as an etiologic factor in the genesis of epidural 
injection pain, the finding certainly surpasses the “trivial.” 
Therefore, we believe when the epidural space is being 
localized, especially in the smaller cervicothoracic seg- 
ments, preservative-free water or saline should be consid- 
ered in place of air to prevent the development of a 
volume-induced multiradicular pain syndrome. 


Rafael Miguel, MD 

Steven Morse, MD 

F. Reed Murtagh, MD 
Department of Anesthesiology, Box 59 
University of South Florida 

College of Medicine 

12901 Bruce B. Downs Boulevard 
Tampa, FL 33612-4799 
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Ranitidine Does Not Have a 
Uniquely Lower Affinity for 
Cerebral H,-Receptors 


To the Editor: 


In a recent paper, Audibert et al. (1) erroneously conclude 
that ranitidine differs from other H,-receptor antagonists in 
its effect on modulating hypoxia-induced increases in cere- 
bral blood flow. This conclusion was based on false as- 
sumptions concerning the relative potency of ranitidine, 
famotidine, and roxatidine for blocking gastric H,- 
receptors. 

The literature, including the references cited by Audi- 
bert et al., indicates that famotidine is 4-10 times more 
potent than ranitidine and that roxatidine is twice as potent 
as ranitidine (2-5). Although equipotent doses of famoti- 
dine (0.4 mg/kg) and roxatidine (1 mg/kg) were examined, 
they were not directly compared with an equipotent dose of 
ranitidine (2 mg/kg). Instead, they were compared to 
1 mg/kg ranitidine, which is at best half as potent in 
blocking H,-receptors. Not surprisingly, this dose of ranit- 
idine did not exert comparable pharmacologic effects. How- 
ever, when Audibert et al. examined the effects of an 
equipotent dose of ranitidine (2 mg/kg) in three additional 
dogs (described by the misnomer ‘‘double-dose’”’), the 
effects on cerebral blood flow were comparable to those 
observed with famotidine and roxatidine. 

These results support a physiologic role for histamine 
interaction with H,-receptors in the modulation of cerebral 
blood flow (6); the ability of equipotent doses of various 
H,-blockers to equivalently inhibit hypoxia-induced in- 
creases in cerebral blood flow does not support the hypoth- 
esis that ranitidine has a uniquely lower affinity for cerebral 
H,-receptors. Rather, these results confirm that, in general, 
ranitidine is less potent than famptidine or nizatidine. 
Marc L. Berger, MD 


Merck, Sharp & Dohme Research Laboratories 
West Point, PA 19486 
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In Response: 


In our early experiments with H,-receptor blocking agents 
we used 4 mg/kg IV cimetidine in the dog. This dose 
inhibited the hypoxia-induced increase in cerebral blood 
flow (1). To test other H,-blockers with equipotent doses, 
we referred to the human data in the literature about the 
maintenance of gastric pH above 4, by IV treatment. These 
doses were 300 mg for cimetidine and 50 mg for ranitidine, 
that means for an adult of 60 kg an IV dose of 5 mg/kg and 
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0.8 mg/kg, respectively (2). In the same way, the review 

article by Feldman and Burton (3), published after our 

article in Anesthesia & Analgesia was accepted, gives a 

relative potency of ranitidine 4-10 times that of cimetidine. 

Thus the dosage of H,-receptor antagonists used in our 

experiment was approximately equipotent according to 

data obtained in humans. It remains speculative if this 

assumption holds true in dogs. Nevertheless, our results 

show that the dose of ranitidine effective on the cerebral 

blood flow in hypoxia was not 1 mg/kg but 2 mg/kg IV. 
We thank Dr. Berger for emphasizing the important role 

of histamine in cerebral vasodilation during hypoxia. We 

wish to add that in dogs the cerebral vasodilation during 

hypercapnia is not modified by cimetidine IV at the dose of 

4 mg/kg (4). 

C. Saunier 

INSERM U14 

54500 Vandoeuvre-les-Nancy, 

France 

G. Audibert 

J. P. Haberer 

Department of Anesthesiology 


Université de Nancy 
Nancy, France 
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Long-Distance Anesthesia 


To the Editor: 


This technique was originally developed for facial cosmetic 
surgery, primarily for facelifts. However, we now utilize it 
for a wide variety of plastic surgery procedures including 
bilateral TRAM flap breast reconstruction and craniofacial 
operations. It has been used over the past 5 yr in more than 
400 patients without a serious incident. 

We relate our experience because of the uniform disbe- 
lief expressed by anesthesiologists during the travels of our 
chief of plastic surgery (Luis O. Vasconez, MD) as visiting 
professor. The anesthetist or anesthesiologist along with 
the anesthesia machine, monitors, and other anesthesia 
equipment are located near the patient's feet. During in- 
duction, the attending anesthesiologist stands near the 
anesthesia machine while the anesthetist or resident stands 
at the patient's head. A reinforced endotracheal tube is 
utilized and is sutured to the tongue with 2-0 silk by the 
plastic surgeon. Neither postoperative pain nor bleeding 
have been a problem from this suture. The anesthesia 
breathing tubes are doubled in length by adding an equal 
length of corrugated extension tubing, which is purchased 
in 100-foot rolls. The extension tubings are connected to the 
anesthesia circuit with two double-sided 22-mm male 
adapters (e.g., Bird male adapters No. 395220). The con- 
nections are wrapped several times with tape to prevent 
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Figure 1. 


leaks and disconnects. Recently, however, we have become 
aware of 120-in anesthesia circuits and have placed an order 
from Critical Systems, product No. 81203B-06. This alter- 
native may be even safer with fewer potential disconnect 
sites. However, we have not had any episodes of discon- 
nect to date. In addition, it may be cost-effective particu- 
larly when anesthetist assembly time is considered. 

Many anesthetists have asked about an increase in dead 
space. However, the only true dead space is that between 
the Y-connector and the endotracheal tube. 

After the surgical preparation, the anesthetic circuit and 
Y-connector are covered with 42 x 24-in Vi Grape (non- 
sticky) regular surgical film (Bectin Dickinson Acute Care 
Division, catalog No. 37-1053-1) (Figure 1). The patient is 
draped as desired for the surgical procedure. The surgeon 
and many assistants have complete access to the patient’s 
head. In addition, the anesthetist usually has an unob- 
structed view of the patient’s face, rarely possible when 
utilizing other positions such as in back of the head or to 
the side of the patient as used by our other head and neck 
surgeons. 

Although originally described nearly 15 yr ago for plastic 
surgery of the head and neck (1), this position has not 
gained popularity. With current standards for anesthesia 
machines (2) as well as monitoring standards including 
pulse oximetry and capnography, we have found this 
position to be both safe and extremely beneficial to the 
surgeon. The patient in turn benefits from an improved 
cosmetic look. 


G. L. Boyd, MD 

B. J. Funderburg, CRNA 

L. O. Vasconez, MD 

G. Guzman 

Departments of Anesthesiology and Surgery 
University of Alabama at Birmingham 

619 South 19th Street 

Birmingham, AL 35233-1924 
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Book Reviews 


A Rational Basis for Anesthesia 
G. Dal Santo. Padua, Italy: Piccin Nuova Libraria, 1990, 
933 pp. 


This book constitutes the effort of a single author to 
transcribe his many years of clinical teaching and lecturing 
into a single large treatise of “textbook and reference 
dimensions.” The author states his aim as being the pre- 
sentation of the principles of anesthesiology that are “well- 
proven and accepted. . .and that apply to the daily practice 
of anesthesia.” Even so, he has written some 900 pages, 
obviously a considerable effort for a single author. 

The book is organized around a series of well-chosen 
topics of direct clinical interest. These include the concept 
of anesthesia; properties, mechanisms of action, and effects 
of anesthetic agents; techniques for anesthetic administra- 
tion; techniques for monitoring the effects of anesthetic 
agents; and finally, a series of chapters on conditions that 
may affect the anesthetized patient, including age, preg- 
nancy, patient positioning, and immunologic reactions. 
One gains the impression that each chapter was an inde- 
pendent lecture, intended for medical students or fledgling 
anesthesia residents. There is considerable factual informa- 
tion, coupled with abundant illustrations and diagrams, 
but almost all of the references and figures are at least 5-10 
years old. In particular, the chapters dealing with the 
molecular basis of anesthetic action are seriously outdated, 
and one must look elsewhere for current information on 
neurotransmitters in relation to anesthetic action. On the 
other hand, the chapters on pharmacokinetics, chemical 
and physical principles, and patient positioning deal with 
well-established concepts, clearly presented and easy for 
the novice to understand and apply. The layout of this 
section and most of the book as well resembles Adriani’s 
Chemistry and Physics of Anesthesia in terms of printing style 
and placement of figures and illustrations. The book, as a 
whole, is easy to read rapidly, but the writing style is 
hobbled by an excessively formal and redundant format 
that occasionally interferes with clarity. 

A Rational Basis for Anesthesia is a repository of useful 
basic information. It is probably best directed at the level of 
the medical student or beginning resident who needs a 
well-delineated, dogmatic presentation of information. 
One will not find the latest developments in these pages. 
The subject matter is confined to what is tried and true and 
does not venture into uncharted waters. On the other 
hand, as Dal Santo stated in the preface, it does provide the 
newcomer and experienced practitioner with a presentation 
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of basic concepts of anesthesiology, clearly and unambig- 
uously presented. 


Lee B. Adlestein, MD 
Joseph M. Garfield, MD 
Harvard Medical School 
Brigham and Women’s Hospital 
Boston, Massachusetts 


Drug Infusions in Anesthesiology 
Robert J. Fragen, ed. New York: Raven Press, 1991, 226 
pp, $82.00. 


The development of new drugs that are short-acting, po- 
tent, rapidly metabolized, and readily cleared has resulted 
in renewed interest in the use of infusions in anesthesia 
today. This new text deals with this rapidly expanding area 
of anesthesia in the appropriate detail. The introduction of 
agents such as propofol, alfentanyl, esmolol, and atracu- 
rium, which necessitate tailored methods of administration 
to optimize their effects, makes this book both topical and 
practical for current anesthesiologists. In addition, the 
demand for rapid complete recovery from anesthesia by 
day surgery units and patients wanting shorter hospital 
stays has heightened the interest in intravenous anesthesia 
achieved by the infusion of short-acting agents. 

Drug Infusions in Anesthesiology is divided into eight 
chapters supplemented by a practical appendix of drugs 
suitable for administration by infusion. The listing of load- 
ing doses, infusion rates, and plasma concentrations can be 
useful to the practicing anesthesiologist. In the general text, 
there are chapters on the theoretical principles of adminis- 
tering drugs by infusion and the various pumps and 
systems available for achieving this type of anesthesia. 
Specific chapters deal with infusing intravenous anesthet- 
ics, opioids, muscle relaxants, and vasoactive agents. The 
topics of total intravenous anesthesia and postoperative 
analgesic infusions receive special consideration. 

The chapters are authored by experts from Northwest- 
ern and Duke Universities, and reflect the extensive knowl- 
edge of the subject available in those centers. Dr. Fragen 
has ensured that the style is consistent and the chapters are 
well written and very readable. Although the book is 
concise (226 pages), the subject is thoroughly covered with 
no obvious omissions or oversights. The chapters dealing 
with the various drug groups suitable for infusion are both 
complete and clinically relevant. The section on pumps and 
systems is especially practical. It is an excellent review of 
the current state of knowledge and technology and will be 
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of use to anesthesiologists wanting an understanding of the 
mechanics and mechanisms of infusion systems. 

If anything, this, book is too thorough. It attempts to 
cover all possible infusions used in anesthesia rather than 
intravenous anesthesia and analgesia. This detracts some- 
what from the perceived focus of the book. 

Is this an essential textbook? It is probably not necessary 
for all anesthesiologists and anesthesia residents. It should 
be available in all departmental and hospital libraries as a 
very good reference source on this new topic, which will 
become more central to the practice of anesthesia in the 
next few years. This reviewer plans to have a copy in his 
own library. 


Robert L. Gauthier, MD 
University of Minnesota Medical School 
Minneapolis, Minnesota 


The Culture of Pain 
David B. Morris. Berkeley: University of California Press, 
1991, 342 pp, $29.95. 


When you feel pain in a leg that has been amputated, 
where is the pain? If you say it is in your head, would 
it be in your head if the leg had not been amputated? 
If you say yes, then what reason have you ever for 

- thinking you have a leg? 
Bertrand Russell 


The Culture of Pain is a unique book. The author, who is a 
Professor of English, takes the reader on a most eclectic 
tour of pain . . . not in the clinical sense, but in the critical 
sense. By juxtaposition of literary quotation, visual art, and 
theological viewpoint, Professor Morris has crafted a most 
entertaining and thought-provoking book. Chapter titles 
range from “The Pain of Comedy” to “The Uses of Pain” to 
a chapter entitled, “Sex, Pain and the Marquis de Sade.” 
Each chapter is made up of loosely related essays that 
present an exploration of pain’s history in Western litera- 
ture and culture from a variety of viewpoints. The use of 
graphic arts and sculpture to reinforce the written word 
makes the book immensely readable. For the pain specialist 
who enjoys literature and the arts, this book will provide a 
pleasant respite from the traditional medical textbook for- 
mat. 


Steven D. Waldman, MD 
University of Missouri-Kansas City School of Medicine 
, Kansas 


The Effects of Anesthetics Upon Cerebral 
Circulation and Metabolism. Experimental and 
Clinical Studies 

J. B. Madsen and G. E. Gold, eds. New York: Springer- 
Verlag, 1990, 160 pp, $49.00. 


This book is primarily addressed to neurcanesthesiologists 
and, therefore, omits an overview of the physiology of 
cerebral circulation and metabolism. The book focuses on a 
review of the effects of anesthetics and anesthesia-related 
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drugs on cerebral circulation and metabolism. In that sense, 
the book is unique. 

The book consists of 10 chapters including a brief chap- 
ter on general considerations and a general summary. 
Chapter 2 reviews inhaled anesthetics thoroughly and 
summarizes the voluminous results reported in the litera- 
ture by dividing them into experimental studies and human 
investigations. This reviewer especially appreciated the 
conclusions presented concerning the effects of halothane, 
enflurane, and isoflurane. 

The effects of hypnotic drugs are, in general, well 
summarized. However, the discussion of the effects of 
althesin and etomidate was excessive, involving five of the 
14 figures in the book, and the legends for these figures 
were long and repetitious. Concept was sacrificed for 
detail. 

In the chapter reviewing the effects of centrally acting 
analgesics (morphine, fentanyl, sufentanil, and alfentanil) 
and narcotic antagonists (naloxone), this reviewer would 
have preferred to see more discussion concerning whether 
sufentanil or alfentanil is superior to fentanyl for neurosur- 
gical anesthesia. 

The summary discussion of the effects of neuromuscular 
blocking agents suggested that most of the commonly used 
drugs have minimal effects on intracranial hemodynamics 
and metabolism despite the reports of adverse effects 
(seizures, ICP elevation) with some of these drugs or their 
metabolites in animal experiments. , 

In the sixth chapter, the authors thoughtfully discuss the 
effects of lidocaine, mannitol, and furosemide. One point 
that is not easily accepted is the authors’ statement that the 
risks of rebound phenomenon indicate that mannitol pri- 
marily should be used in a single dose in connection with 
acute ICP increases (page 57). Chapter 7 summarizes well 
the effects on intracranial hemodynamics of drugs used for 
controlled hypotension. Drawbacks in this chapter include 
inconsistent use of abbreviations and several typographical 
errors. 

Chapter 8 is a summary of the clinical investigations 
performed during craniotomy in the authors’ own institu- 
tion. Although the authors have made numerous contribu- 
tions to the understanding of neuroanesthesia, this chapter 
is somewhat superfluous because the results had already 
been presented and discussed. In the ninth chapter cardio- 
vascular effects and cerebrovascular and spinal cord 
dynamics are succinctly and thoughtfully summarized, 
especially the problems associated with the sitting position. 
Finally, the book is well referenced with 50 pages devoted 
to primarily current references. 

In summary, despite some unnecessary repetition and 
somewhat disappointing figures, this reviewer believes 
that this book is useful to anesthesiologists working in 
neuroanesthesia. The book also points out what is still 
unknown or controversial and in need of further study to 
improve the anesthetic management of neurosurgical pa- 
tients. 


Takefumi Sakabe, MD 
Yamaguchi University School of Medicine 
Yamaguchi, Japan 
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inection before treating elderly, debilitated and ASA H or IV patients. Due to the reduced clearance and higher blood levels, most 
tiderly patients require approximately 1.0 to 1.5 mg/kg (approximately 20 mg every 10 seconds) of DIPRIVAN Injection for induction 
af anesthesia according to their condition and responses, A rapid bolus should not be used as this will increase the likelihood of undesirable 
cardiorespiratory depression including hypotension, apnea, airway obstruction and/or oxyger desaturation. (See DOSAGE AND 
ADMINISTRATION.) Maintenance of Anesthesia: Anesthesia can be maintained by administering DIPRIVAN Injection by intusion 
of intermittent IV bolus injection. The patients clinical response wil determine the infusion rate or the amount and frequency of incremental 
injections, When administering DIPRIVAN Injection by infusion, it is recommended that syringe pumps or volumetric pumps be used 
to pride controled infusion rates. Continuous infusion: DIPRIVAN injection 100 to 200 u.g/kg/min administered in a variable rate 
infusion with 60%-70% nitrous oxide and oxygen provides anesthesia for patients undergoing general surgery. Maintenance by infusion 
of DIPRIVAN injection should immediately follow the induction dose in order te provide satisfactory or continuous anesthesia during 
the induction phase. During this initial period following the induction dose higher rates of infusion are generally required (150 te 
200 n.ovkg/min) for the first 10 to 15 minutes. Infusion rates should subsequently be decreased 30%- 5034 during the first half-hour 
of maintenance, Changes in vitai signs (increases in pulse rate, blood pressure, sweating and/or tearing} that indicate a response 
to surgical stimulation or lightening of anesthesia may be contratied by the administration of DIPRIVAN injection 25 mg (2.5 mi) 
to 50 mg (5.0 mL} incremental boluses and/or by increasing the infusion rate. if vital sign changes are not controled after a five minute 
period, other means such as an opioid, barbiturate, vasodilator or inhalation agent therapy shoukt be initiated to control these responses. 
For minor surgical procedures (ig, body surface} 60%-70% nitrous oxide can be combined witn a variable rate DIPRIVAN infusion 
to provide satistactory anesthesia. With more stimulating surgical procedures (ie, intra-abdominal} supplementation with analgesic 
agents should be considered to provide a satisfactory anesthetic and recovery profile. When supplementation with nitrous oxide is 
ACI provided. administration rate(s} of DIPRIVAN injection and/or opioids should be increased in oder to provide adequate anesthesia. 
infusion rates should always be titrated downward in the absence of clinical signs of gh! anesthesia until a mild response to surgical 
stimulation is obtained in order to avoid administration of DIPRIVAN Injection at rates higher than are clinically necessary. Generally, 
rates of 50 to 100 ng/kg min should be achieved during maintenance in orter to optimize recovery times. Intermittent Bolus: increments 
of CIPRIVAN injection 25 mg (2.5 mL) to 50 mg (5.0 mL} may be administered with nitrous oxide in patients undergoing genera! 
surgery. The incremental boluses should be administered when changes in vitai signs indicate a response to surgical stimulation 
of fight anesthesia. DIPRIVAN injection has been used with a variety af agents commonly used in anesthesia such as atropine, scopolamine, 
giycopyrrolate, diazepam, depolarizing and nondepolarizing muscle relaxants, and opioid analgesics, as weil as with inhalational and 
regional anesthetic agents. in the eiderly, rapid bolus doses should not be used as this will increase cartiorespiratory effects including 
hypotension, apnea. airway obstruction and/or oxygen desaturation. Most elderly patients require a reduction of the recommended 
maintenance rates for healthy adults { < 55 years) to 50 to 100 wg/kg/mir (3 to 6 mg/kg/h). MAC SEDATION: When DIPRIVAN injection 
is administered for sedation, rates of administration should be individualized and titrated to clinical response. In most patients the 
rates of DIPRIVAN Injection administration will be approximately 25% of those used for maintenance of general anesthesia. During 
initiation ot MAC sedation, slow infusion or slow injection techniques are preterable over rapid bolus administration. During maintenance 
at MAC sedation, a variable rate infusion is preferable over intermittent bolus dose administration. in the elderly, debilitated and 
ASA Hi or IV patients, rapid (single or repeated} bolus dose administration should not be used for MAC sedation. (See WARNINGS.) 
A rapid bolus injection can result in undesirable cardiorespiratory deoression including hypotension, epnes, airway obstruction 
andior oxygen desaturation. initiation of MAC Sedation: For initiation of sedation. either an infusion or a slow injection method 
may be utilized while closely monitoring cardioraspiratory tunction. With the infusion method, sedation may be initiated by intusing 
DIPRIVAN injection at 100 te 150 .9/kg/min (6 to 9 mg/kg/h} for a period of 3 to § minutes and titrating to the desired levei of sedation 
while closely monitoring respiratory function. With the slow injection method for initiation, patients will require approximately 0.5 mg/kg 
administered over 3 to 5 minutes and titrated to clinical responses. When DIPRIVAN Injection is administered slowly over 3 to § minutes, 
most patients will be adequately sedated and the peak drug effect can be achieved while minimizing undesirable cardiorespiratory 
effects occurring at high plasma levels. in the elderly, debilitated, and ASA Hi or IV patients, rapid (single or repeated) bolus dose 
administration should not be used for MAC sedation. (See WARNINGS. } The rate of administration should be over 3-5 minutes and 
the dosage of DIPRIVAN Injection should be reduced to approximately 80% of the adult dosage in these patients according to their 
condition, responses, and changes in vital signs. (See DOSAGE AND ADMINISTRATION. } Maintenance of MAC Sedation: For maintenance 
of sedation, a variable rate infusion method is preferable over an intermittent bolus dose method. With the variable rate infusion method. 
patients will generally require maintenance rates of 25 to 75 ug/eg/min (5.5 to 4.5 mg/kg/h) during the first 10 to 15 minutes of sedation 
maintenance. infusion rates should subsequently be decreased overt time to 25 to S0 .g/kg/min and adjusted to clinical responses. 
in titrating to clinical effect, allow approximately 2 minutes for onset of peak drug effect. intusion rates shouid always be titrated downward 
in the absence of clinical signs of ight sedation until mild responses to stimulation are obtained in order to avoid sedative administration 
of DIPRIVAN Iniection at rates higher than are clinically necessary. H the intermittent bolus:dose method is used. increments of DIPRIVAN 
Injection 10 mg (1.0 mL} or 20 mg (2.0 mL) can be administered and titrated to desiredievei of sedation. With the intermittent bolus 
method of sedation maintenance there is the potential for respiratory depression, transient increases in sedation depth, and/or protongation 
of recovery. in the elderly, debilitated, and ASA ill or {V patients. rapid (single or repeated) bolus gose administration should not be 
used for MAC sedation. (See WARNINGS.) The rate of administration and the dosage-of DIPRIVAN injection should be reduced to 
approximately 80% of the adult dosage in these patients according te their condition, responses. and changes in vital signs. (See 
DOSAGE AND ADMINISTRATION } CIPRIVAN Injection can be administered as the sole agent for maintenance of MAC sedation during 
surgicai/diagnostic procedures. When DIPRIVAN sedation is suppiemented with opioid and/or benzodiazepine medications, these 
agents increase the sedative and respiratory effects of DIPRIVAN and may also result in a slower recovery profile. (See PRECAUTIONS, 
Drug interactions.) INDICATIONS AND USAGE: DIPRIVAN Injection is an (V anesthetic agent that can be used for both induction and/or 
maintenance of anesthesia as part of a balanced anesthetic technique for inpatient and outpatient surgery. DIPRIVAN injection, when 
administered IV as directed, can be used to initiate and maintain monitored anesthesia care (MAC) sedation during diagnostic procedures. 
DIPRIVAN Injection may also be used for MAC sedation in conjunction with local/regional anesthesia in patients undergoing surgical 
procedures. (See PRECAUTIONS. | OIPRIVAN Injection is not recommended for use at this time in patients with increased intracranial 
pressure or impaired cerebral circulation because DIPRIVAN Injection may cause substantial decreases in mean arterial pressure, 
and consequently, substantial decreases in cerebral perfusion pressure. (See PRECAUTIONS. } DIPRIVAN injection is not recommended 
ior obstetrics, including cesarean section deliveries, because there are insufficientdata to support its safety to the fetus. (See 
PRECAUTIONS.) DIPRIVAN Injection is not recommended for use in nursing mothers because DIPRIVAN Injection has been reported 
to be excreted in human milk and the effects of oral absorption of small amounts of propoto! are not known, (See PRECAUTIONS.) DIPRIVAN 
injection is not recommended for use in pediatric patients because safety and effectiveness have not been established. {See 
PRECAUTIONS.) CONTRAINEHCATIONS: When general anesthesia or sedation is contraindicated or in patients with a known 
hypersensitivity to DIPRIVAN Iniection or its components. WARNINGS: For general anesthesia or monitored anesthesia care (MAC) 
sedation, DIPRIVAN Injection should be administered only by persons tained in the administration of general anesthesis and not 
involved in the conduct of the surgical/diagnostic procedure. Patients should be continuously monitored and facilities for 
maintenance of a patent siway, artificis) ventilation, and oxygen enrichment and circulatory resuscitation must be immediately 
availabie. in the elderly, debilitated and ASA JH or IV patients, rapid (single or repeated) bolus administration should not be used during 
general anesthesia or MAC sedation in order to minimize undesirable cardiorespiratory depression including hypotension, apnea. airway 
obstruction and/or oxygen desaturation. MAC sedation patients should be continuously monitorec by persons not involved in the conduct 
of the surgicat or diagnostic procedure; oxygen supplementation should be immediately avaiiabie and provided where clinically indicated: 
and oxygen saturation should be monitored in ail patients. Patients should be continucusly monitored for early signs of hypotension. 
apnea, airway obstruction and/or oxygen desaturation. These cartiorespiratory effects are more likely to occur following rapid initiation 
foading} boluses or during supplemental maintenance boluses, especially in the elderlysdebilitated and ASA I or IV patients. DIPRIVAN 
injection should not be coadrninistered through the same {V catheter with blood or plasma because compatibitty has not been established. 
in vitro tests have shown that aggregates of the globular component of the emulsion vehicle have occurred with bioad/plasma/serum 
from humans and animals. The clinical significance is not known. Strict aseptic techniques must aiways bs maintained during 
handling as DIPRIVAN injection is a single-use parenteral product and contains no antimicrobial preservatives. The vahicte is 
capable of supporting rapid growth of microorganisms. (See DOSAGE AND ADMINISTRATION, Handiing Procedures.) Faliure 
to follow aseptic handling procedures may result in microbial contamination causing fever, infection/sepsis and/or other adverse 
consequences which could lead in iHe-threstening illness. PRECAUTIONS: General: 4 lower induction dase and a slower maintenance 
rate of administration shoud be used in elderly. debilitated and ASA iH or IV patients. (See CLINICAL PHARMACOLOGY- Individualization 
of Dosage. } Patients should be continuously monitored for early signs of significant hypotension and/or bradycardia. Treatment may 
include increasing the rate of intravenous fluid, elevation of lower extremities, use of pressor agents, or administration of atropine. 
Apnea often occurs during induction and may persist for more than 60 seconds. Ventilatory support may be required. Because DIPRIVAN 
injection is an emulsion, caution should be exercised in patients with disonters of lipid metabolism such as primary hyperipoproteinemia. 
diabetic hyperlipernia, and pancreatitis. The clinical criteria for discharge from the recoveryiay surgery area established for each 
institution should de satisfied before discharge ot the patient from the care of the anesthesiologist. When DIPRIVAN injection is administered 
to an epileptic patient, there may be a risk of convulsion during the recovery phase. Transient local pain may occur during intravenous 
injection, which may be reduced by prior injection of IV lidocaine (1.0 mi of a 1% solution). Venous sequelae {phlebitis or thrombosis) 
have been reported rarely { < 146}. In two well-controlied clinical studies using dedicated intravenous catheters, no instances of venous 
sequelae were reported up to 14 days following induction. Pain can be minimized # the lancer veins of the forearm or antecubital 
fossa are used. Accidental clinical extravasation and intentional injection into subcutaneous or perivascular tissues of animals caused 


DIPRIVAN® ipropote!) injection 


minimal tissue reaction. intra-arterial injection in animals did not induce local tissue effects. Accidental intra-arterial injection has 
heen reported in patients, and other than pain, there were no major sequelae. Perioperative myocionia, rarely including convulsions 
and opisthotonus, has occurred in a temporal relationship in cases in which DIPRIVAN Injection has been administered. Citnical teatures 
of anaphylaxis, which may include bronchospasm, erythema and hypotension. occur rarely folowing DIPRIVAN Injection administration. 
aithough use of other drugs in most instances makes the relationship to DIPRIVAN Injection unclear OIPRIVAN Injection has no vagolytic 
activity and has been associated with reports of bradycardia, occasionally profound. The intravenous administration of anticholinergic 
agents (eg, atropine or glycopyrrolate} shouid be considered to modify potential increases in vagal tone due to concomitant agents 
feg, succinyicholine) or surgical stimull. Neurosurgical Anesthesia: Studies to date indicate that DIPRIVAN Injection decreases cerebrai 
blood flow, cerebral metabolic oxygen consumption, and intracranial pressure, and increases cerebrovascular resistance. DIPRIVAN 
injection does not seem to affect cerebrovascular reactivity to changes in arterial carbon dioxide tension. Despite these findings. 
DIPRIVAN Injection is not recommended for use at this time in patients with increased intracranial pressure or impaired cerebral circulation 
because DIPRIVAN injection may cause substantial decreases in mean arterial pressure, and consequently, substantial decreases 
in cerebral perfusion pressure. Further studies are needed to substantiate what happens to intracranial pressure following DIPRIVAN 
Injection when decreases in mean arterial and cerebral perfusion are prevented by appropriate measures. Informations for Patients: 
Patients should be advised that performance of activities requiring mental alertness, such as operating a motor vehicle. or hazardous 
machinery of signing legai documents may be impaired tor some time after general anesthesia or sedation. Drug interactions: The 
induction dose requirements of DIPRIVAN injection may be reduced in patients with intramuscular or intravenous premedication, 
particularly with narcotics (eg, morphine, meperidine, and fentanyl} and combinations of opioids and sedatives (eg. benzodiazepines, 
barbiturates, chloral hydrate, droperidol, etc.). These agents may increase the anesthetic or sedative effects of DIPRIVAN injection 
and may also result in more pronounced decreases in systolic, diastolic, and mean arterial pressures and cardiac output. During 
maintenance of anesthesia or sedation, the rate of DIPRIVAN Iniection administration shouid be adjusted according to the desired 
level of anesthesia or sedation and may be reduced in the presence of supplemental analgesic agents (eg, nitrous oxide or opioids). 
The concurrent administration of potent inhalational agents (eg, isoflurane, enflurane, and halothane) during maintenance with DIPRIVAN 
injection has not been extensively evaluated. These inhalational agents can also be expected to increase the anesthetic or sedative 
and cardiorespiratory effects of DIPRIVAN injection. DIPRIVAN injection does not cause a clinically significant change in onset. intensity 
or duration of action of the commonly used neuromuscular biocking agents (eg, succinyicholine and nondepoiarizing muscle relaxants). 
No significant adverse interactions with commonly used premedications or drugs used during anesthesia or sedation (including a 
range of muscie relaxants, inhalational agents, analgesic agents, and loca! anesthetic agents} have been observed. Carcinogenesis, 
Mutagenesis, impairment of Fertility: Anima! carcinogenicity studies have not been performed with propoto!. in vitro and in vive 
animal tests failed to show any potential for mutagenicity by propofol. Tests for mutagenicity included the Ames (using Saimoneia sp} 
mutation test, gene mutation/gene conversion using Saccharomyces cerevisiae, in vitro cytogenetic studies in Chinese hamsters 
and a mouse micronucleus test. Studies in female rats at intravenous doses up to 15 mg/kg/day (6 times the maximum recommended 
human induction dose} for 2 weeks before pregnancy to day 7 of gestation did not show impaired fertility. Male fertility in rats was 
not affected in a dominant lethal study at intravenous doses up to 15 mg/kg/day for § days. Pregnancy Catagory 8: Reproduction 
studies have been performed in rats and rabbits at intravenous doses of 15 mg/kg/day {6 times the recommended human induction 
dose} and have revealed no evidence of impaired fertility or harm to the fetus due to propofol. Propofol, however, has been shown 
to cause maternal deaths in rats and rabbits and decreased pup survival during the lactating period in dams treated with 15 mg/kg/day 
ior 6 times the recommended human induction dose). The pharmacological activity (anesthesia) of the drug on the mother is 
probably responsible for the adverse effects seen in the offspring. There are, however, no adequate and well-controlled studies 
in pregnant women. Because animal reproduction studies are not always predictive of human responses, this drug should be used 
during pregnancy only if clearly needed. Labor and Delivery: DIPRIVAN Injection is not recommended for obstetrics, including 
cesarean section deliveries, because there are insufficient data to support its safety to the fetus. Nursing Mothers: DIPRIVAN 
injection is not recommended for use in nursing mothers because DIPRIVAN has been reported to be excreted in human mix and 
the effects of oral absorption of smali amounts of propofol are not known. Pediatrie Use DIPRIVAN injection is not recommended 
for use in pediatric patients because safety and effectiveness have not been established. ADVERSE REACTIONS: Adverse event 
information is derived from controled clinical trials and worldwide marketing experience. In the description below, rates of the 
mare common events represent US/Canadian clinica! study results. Less frequent events are derived principally from marketing 
experience in approximately 7 million patients and from publications: there are insufficient data to support an accurate estimate 
of their incidence rates. The adverse experience profile from reports of 150 patients in the US/Canadian MAC sedation clinical trials 
is similar to the profile established with DIPRIVAN injection during anesthesia (see below}. During MAC sedation clinical trials, 
significant respiratory events included cough, upper airway obstruction, apnea, hypoventilation, and dyspnea, The most common 
adverse events which occurred in more than 3% of the patients receiving DIPRIVAN injection for MAC sedation inciuded hypotension. 
nausea, headache. and injection site pain or hotness. The following estimates of adverse events for DIPRIVAN Injection are derived 
fram reports of 1573 patients included in the US/Canadian induction and maintenance studies. These studies were conducted using 
a variety ot premedicants, varying lengths of surgical procedures and various other anesthetic agents. Most adverse events were 
mild and transient. The following adverse events were reported in patients treated with DIPRIVAN injection. They are presented 
within each body system in order of decreasing frequency, incidence Greater than 1% — All events regardiess of cauasilty, derived 
from clinical trisis. Body as a Whole: Fever. Cardiovascular: Hypotension’ (see aiso CLINICAL PHARMACOLOGY). Bradycardia, 
Hypertension. Centra! Nervous System: Movement‘, Headache, Dizziness, Twitching, Bucking/Jerking/Thrashing, Clonic/Myocionic 
Movement. Digestiva: Nausea’’ {15%}, Vomiting’, Abdominal Cramping. Injection Site; Burning/Stinging”* (10%), Pain™* (1096), 
Tingling/Numbness, Coldness. Respiratery: Cough, Hiccough., Apnea (sea aiso CLINICAL PHARMACOLOGY). Skin end Appendages: 
Flushing, incidence of unmarked events is 19-396; "35¢ to 990; °*10% or greater. incidence Lass than 1% ~ Causal Relationship 
Probable (Adverse events reported only in the iterstura, not seen in clinical trials, sre Haliciend.) Body as a Whole: Extremities 
Pain, Chest Pain, Neck Stiffness, Trunk Pain. Cardiovascular: Tachycardia, Premature Ventricular Contractions, Premature Atrial 
Contractions. Syncope, Abnormal ECG. ST Segment Depression. Central Mervous System: Shivering, Somnolence, 
Hypertonia/Dystonia, Paresthesia. Tremor: Abnormal Dreams. Agitation, Confusion, Detirium. Euphoria, Fatigue, Moaning, Rigidity. 
Digestive: Hypersalivation. Ory Mouth, Swallowing. injection Site: Discomfort, Phiebitis, Hives/fiching, Redness/Discoloration. 
Musculoskeletal: Myaigia. Respiratory: Upper Airway Obstruction. Bronchospasm, Dyspnea, Wheezing, Hypoventilation, Burning 
in Throat, Sneezing, Tachypnea. Hyperventilation, Hypoxia. Skin and Appendages: Rash, Urticaria. Special Senses: Ambiyopia, 
Dipiopia, Eye Pain, Taste Perversion, Tinnitus. Urogenital: Urine Retention. Green Urine. incidence Less than 1% ~ Causal 
Relationship Unknown (Adverse events reported only in the literature, not seen in clinical trials, are dadicized. ) Cardiovascular: 
Arrhythmia, Bigeminy, Edema, Ventricular Fibrillation, Heart Block, Myocardial ischemia. Central Nervous System: Anxiety, Emotional 
Lability, Depression, Hysteria, Insomnia, Generalized and Localized Seizures, Opisthofonus. Digestive: Diarrhea. Respiratory: 
Laryngospasm. Skin and Appendages: Diaphoresis. Pruritus, Comunctival Hyperemia. Special Senses: Ear Pain. Nystagmus. 
DOSAGE AND ADMINISTRATION: Dosage and rate of administration should be individualized and titrated to the desired effect 
according to clinically relevant factors including preinduction and concomitant medications, age, ASA physical classification and 
level of debilitation of the patient. The faliowing is shhreviated dosage and administration information which is oniy intended 
as a genera! guide in the use of DIPRIVAN injection. Prior to administering DIPRIVAN injection, itis imperative that the physician 
review and be completely familiar with the specific dosage and administration information detailed In the CLINICAL 
PHARMACOLOGY- individualization of Dosage section. in the oiderly, debilitated and ASA ii or IV patients, rapid bolus doses 
should not de used in the methods of administration described below. (See WARNINGS.) 


induction of 
Anesthesia 


Dosage should be individualized and titrated. 
Adults": Most patients require 2.0 to 2.5 mg/kg (approximately 40 mg every 10 seconds until induction 


onset}. 

elder, Debdliltated and ASA IH or IV Patients: Most patients require 7.0 to 1.5 mg/kg (approximately 
20 mg every 10 seconds until induction onset). 

For complete dosage information, see CLINICAL PHARMACOLOGY — ingividualization of Dosage. 


Variable rate infusion — titrated to the cesired clinical effect. 

Adulte": Mosi patients require 100 to 200 ug/kg/min (6 to 12 mg/kg/h). 
Eideriy, Oebilitated and ASA iH or iV Patients: Most patients require 50 to 100 yg/kg/min 
{3 to 6 mg/kg/h}. 


Maintenance of 
Anasthesia: infusion 


Maintenance of Increments of 25 mg to 50 mg as needed. 

Anesthesia: For complete dosage information. see CLINICAL PHARMACOLOGY — 

intermittent Solus individualization of Dosage. 

initiation of Dosage and rate should be individualized. 

MAC Sedation Adults": Slow infusion or slow injection techniques are preferable over rapid bolus administration. Mast 
patients require an intusion of 100 to 150 .9/kg/min (6 to 9 mg/kg/h} or a stow injection of 0.5 mg/kg 
over 3 to 5 minutes. 

Eideriy, Oebilitated and ASA Ii or IV Patients: Most patients require dosages simular fo adults, Dut 
must be given as 3 siow infusion or slow injection and not as a rapid bolus. (See WARNINGS } 

Maintenance of Dosage and rate should be titrated to ciinical effect. 

MAC Sedation Adults”: A variable rate infusion technique is preferable over an intermittent bolus technique. Mest patients 


require an infusion of 25 to 75 ug/kg/min (1.5 to 4.5 mg/kg/h) or incremental bolus doses af 10 mg or 


20 mg. 

Eideri, Debilitated and ASA iH or iV Patients: Most patients require a 20% reduction of the adult dose. 
A rapid (single or repeated) bolus dose should not be used. (See WARNINGS.) For complete dosage 
information, see CLINICAL PHARMACOLOGY — individualization of Dosage. 


“Adults — healthy. less than 55 years of age 


Handling Procedures: Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container legen DIPRIVAN injection must nat be administered through a microbiological 
iter because this could restrict the flow of DIPRIVAN and/or cause the breakdown ot the emulsion. Do not use if there is evidence 
of separation of the phases of the emulsion. Striet aseptic pecpine iat must always be maintained during handling as M 

injection is a single-use paranterai product and contains no antimicrobial preservatives. The vehicie is capable of supporting 
tapid pan of microorganisms. Failure to foliow aseptic handling procedures may retuit in microbial contamination causing 
tever, infection/sepsis and/or other adverse consequences which could lead to iife-threstening iliness. DIPRIVAN Injection 
should be prepared for use just prior to initiation of each individual anesthetic/sedative procedure. The ampule neck surface or 
vial rubber “topps should be disinfected using 70% isopropyl alcohol. DIPRIVAN injection should be drawn inte sterile syringes 
immediately after ampules or vials are opened. When withdrawing DIPRIVAN Injection trom viais, a sterile vent spike shouid be 
used. The syringe(s} should be labeled with appropriate information including the date and time the ampule or viai was opened. 
Administration should commence promptly and be compieted within 6 hours after the ampules or vials have been opened. DIPRIVAN 
injection should be prepared for single patient use only. Any unused portions of DIPRIVAN Injection, reservoirs, dedicated administration 
tubing and/or solutions containing DIPRIVAN injection must be discarded at the end of the anesthetic procedure or at 6 hours, 
whichever occurs sooner The IY fine should be flushed every 6 hours and at the end of the anesthetic procedure to remove residual 
DIPRIVAN Injection. Rey Y 12/91 
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The Osler Institute 
Anesthesiology Board Review Courses 


honoring John Severinghaus 
"March 30-April 4, 1992 — San Francisco 


‘September 14-19 — Boston 


Now, special programs for written and oral boards 


OBJECTIVES 


è Improve basic and clinical knowledge of anesthesiology 


® Assist residents and fellows to better organize for further study 


® Prepare candidates to take their written and oral exams 


"The faculty was outstanding. The most pleasant thing was learning 


METHODS 


® HOME STUDY questions, answers, assignments and keywords 


© SEMINAR with projection slides and lecture-note syllabus 


è PRACTICE EXAMS for written and oral board exams 


a tremendous amount, 


not only from world-famous Tahoritics but from people who are relatively unknown as well.”* 


PHYSIOLOGY 
Respiratory Physiology 
Cardiovascular Physiology 
Neurophysiology 
Hepatic & Renal Physiology 
Acid-Base and Blood Gas 


PHARMACOLOGY 
Pharmacokinetics 
Inhalation Anesthetics 
Intravenous Anesthetics 
Local Anesthetics 
Muscle Relaxants 
Central Nervous Drugs 
Cardiac & Diuretic Drugs 
Interactions & Genetics 


PHYSICAL SCIENCES 
Applied Anatomy 
Physics and Gas Laws 
Anesthesia Machines 
Breathing Systems 

FUNDAMENTALS 
Preop. Evaluation & Prep. 
Patient Monitoring 
Airway Management - 
Fluid and Blood Therapy 
Cardiopulmonary Disease 
Hepatic & Renal Disease 
Metabolic Disease 
Recovery Room 

REGIONALANESTHESIA 
Autonomic Blocks 
Spinal and Epidural Blocks 
Upper Extremity Blocks 
Lower Extremity Blocks 
Chronic Pain Management 
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[C] September 14-19, 1992 — Boston 


C] Check enclosed for $ 
C] Please send FREE SAMPLE 


Written Board Review 


Lectures and written exam seminars 
o Home-study keywords with discussions 
and questions with answers. 
e Six-day lectures with syllabus. 
s Seminars for written exam questions. 
è March 30-April 4; July 4-9; Sept. 14-19. 


Oral Board Review 


Mock oral exams and lectures 

e Home-study, oral-exam stem cases with 
pre-op, intra-op and post-op questions. 

e Six-day lectures with syllabus and con- 
current mock oral exams most hours. 

© Registration inchides one mock oral. 

e Extra public mock oral exam ($80), pri- 
vate mock oral exam ($110 

è March 30-April 4; July 4-9; Sept. 14-19. 


Oral Board Tutorial Days 


Choose any days — groups limited to 24 

s Home-study, oral-exam stem cases with 
Be eas intra-op and post-op questions. 
oral exams in groups limited to 24. 

°  lidüdes one public mock oral per day. 

è Extra public mock oral exams ($80), pri- 

vate mock oral exams ($110). 
e Apr. 1-7; July 4-9; Aug. 4-9; Sept. 14-22. 


Two-Part Board Review 


Nine mock orals in any two courses , 
e Any course in 1992, plus any other within 
three years. One course may be up to six 
Oral Board Tutorial days of your choice. 
è Choose between lectures and concurrent 
mock orals or written exam discussions. 
e Nine (9) mock oral exams in groups 
limited to 24 participants. 


Unconditional Guarantee 

e If you fail the next Anesthesiology Board 
Exam you take after taking one of these 
courses, we will refund half of your last 
course registration fee and allow you to 
repeat the course once for FREE. 

* This is NOT conditional upon you taking 
more than one course, or extra mock orals. 

Last year, after we first made this guaran- 
tee, less than 2% requested a refund. 


Information 


The Osler Institute 
1094 East Dawn Drive, P.O. Box 2218 
Terre Haute, IN, 47802 


(800) 356-7537 


+Pus mock orals only Apsl 5-7 and Sept. 20-22. 
* Comments by past Osler participants 


Behind these doors 
theres an evolution going on 


Marquette has recently intro- 
duced significant innovations in 
anesthesia monitoring systems. Our 
primary focus in this area has 
been to integrate the increasingly 
complex array of anesthesia and 
vital signs monitoring equipment 
now used during surgery into less 
cumbersome and easier-to-use 
systems. We manufacture systems 
that do just that by integrating 
pulmonary, anesthetic gas, electro- 
cardiographic and hemo- 
dynamic data. 

Compared with other areas of 
medical electronics in which we 
have built a reputation over many 
years, Marquette is a relative new- 
comer to anesthesia monitoring, 
and so you may not be acquainted 
with our name in this area. Until 
you have had a chance to in- 
vestigate our anesthesia systems 
firsthand, we would like you to 
be aware of our track record in 
other areas. 

Marquette has long been a leader 
in the manufacture of cardiology 
diagnostic equipment. Our elec- 
trocardiographs, stress systems, 
Holter systems and cardiology 
management systems set the stan- 
dards for accuracy and performance 
throughout the world. 

In the critical care area, our 
Tram® monitors have improved 
patient care by integrating bed- 
side, transport and surgical 
monitoring. 

We are taking the same approach 
to anesthesia monitoring — apply- 
ing advanced technology to solve 
problems brought to our attention 
by clinicians at the forefronts of 
their fields. 

Marquette specializes in medical 
electronics. We are committed to 
ongoing research and development, 
and have built our worldwide busi- 
ness on product innovation and 
strong customer service. 


aed ta 


Marquette Electronics, Inc 

U.S.A.: 8200 W. Tower Ave. @ Milwaukee, Wisconsin 53223 

Tel. (444) 355-5000 @ TLX 2979 MEI UR @ FAX (414) 357-3456 
Europe: 15, rue Rougemont ® 75009 Paris, France 

Tel. (33) (4) 42.46.00.49 @ FAX (33) (1) 48.041.04.44 

Asia/Pacific: 184 Johnston Rd. @ Suite 1010 @ Wanchai, 

Hong Kong @ Tel. (852) 8381398 @ FAX (852) 8381507 

Middle East/Africa: Metropolis Bidg., B5, Anexartisias Street 
Limassol, Cyprus @ Tel. (357) (5) 355-210 @ FAX (357) (5) 370-734 


a 








Classified Advertising 





POSTDOCTORAL FELLOWSHIP 
Background in clinical medicine or clinical 
research required for studies with patients 
with heart disease undergoing surgery. 
Cardiac function and ischemia assessed 
with ECG, Holter, and echocardiography 
monitoring. Working with cardiologists, 
epidemiologists, and anesthesiologists. Send 
and names of three references to Dennis 
T. Mangano, PhD, MD, Professor and Vice 
Chairman, Department of Anesthesia, Uni- 
versity of California, San Francisco, 4150 Cle- 
ment Street (129), San Francisco, CA 94121. 
674E/D 


OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal Op- 
portunity, Affirmative Action Employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

701G/F 


CARDIOVASCULAR FELLOWSHIP 
OPPORTUNITY 
The Department of Anesthesiology at the 
University of New Mexico School of Medi- 
cine has openings at the CA- level for 
advanced training in Cardiovascular Anes- 
thesiology beginning July 1992. The fellow- 
ship is a 2-year, comprehensive program 
designed to train the fellow for a career in 
cardiovascular anesthesiology. Research in 
cardiovascular physiology and anesthesia, 
provision of clinical care for complex adult 
and pediatric cases, participation in confer- 
ences, and teaching responsibilities are part 
of the fellowship experience. Interested in- 
dividuals should contact Jorge Estrin, MD, 
PhD, Professor and Chairman, Department 
of Anesthesiology, University of New Mex- 
ico, 2211 Lomas Blvd. NE, Albuquerque, 
NM 87106; (505) 843-2610. The University 
of New Mexico is an Equal Opportunity, 
Affirmative Action Employer. 

730H/L 


THE UNIVERSITY OF NEW MEXICO 

Department of Anesthesiology has an im- 
mediate opening for a Veterans Adminis- 
tration Chief of Service for Anesthesia at 
the New Mexico Regional Medical Facility 
(VA Hospital) in Albuquerque. Require- 
ments include proven administrative, 
teaching, and leadership abilities, academic 
experience, and board certification. Ap- 


pointment will be at the Associate Profes- 
sor level. Qualified candidates should send 
CV or contact Jorge A. Estrin, MD, PhD, 
Professor and Chairman, Department of 
Anesthesiology, University of New Mexico 
School of Medicine, 2211 Lomas NE, Albu- 
querque, NM 87106; (505) 843-2610. The 
University of New Mexico is an Equal Op- 
portunity, Affirmative Action Employer. 
731H/L 


THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology has earn 
eerily beginning July 1992 for the fo 

(1) Obstetrical Anesthesia at the 
Aant Associate, or Full Professor lev- 
els; (2) Critical Care Medicine at the Assis- 
tant or Associate Professor level. It is ex- 
pected that candidates for CCM positions 
will have or be eligible for subspecialty 
certification. Faculty responsibilities in- 
clude provision of clinical care, teaching, 
and research. Qualified candidates should 
send CV or contact Jorge A. Estrin, MD, 
PhD, Professor and Chairman, Department 
of Anesthesiology, University of New Mex- 
ico School of Medicine, 2211 Lomas NE, 
Albuquerque, NM 87106; (505) 843-2610. 
The University of New Mexico is an Equal 
Opportunity, Affirmative Action Em- 
ployer. 

732H/L 


THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology has faculty 
positions at the Instructor, Assistant Pro- 
fessor, and Associate Professor levels be- 
ginning July 1992. Responsibilities include 
teaching of medical students and residents 
and the provision of clinical care in a busy 
tertiary referral center. Opportunities to 
pursue research interest will be provided. 
Experience in cardiac, obstetric, neurosur- 
gical, and pediatric anesthesia is desirable. 
Qualified candidates should address in- 
quiries to Jorge A. Estrin, MD, PhD, Pro- 
fessor and Chairman, Department of Anes- 
thesiology, University of New Mexico 
School of Medicine, 2211 Lomas NE, Albu- 
querque, NM 87106; (505) 843-2610. The 
University of New Mexico is an Equal Op- 
portunity, Affirmative Action Employer. 
733H/L 


DEPARTMENT OF ANESTHESIOLOGY 

St. Louis University School of Medicine is 
seeking board-qualified or certified full- 
time faculty to fill newly created positions 
to meet the needs of the expanding resi- 





dency program and new expanding hospi- 
tal facility. Training and interests in the 
subspecialty areas of pediatrics, cardiovas- 
cular, pain, and neuroanesthesia are desir- 
able. These clinical/teacher positions will 
also promote academic interests and re- 
search development. Participation in the 
residency training program is essential. 
The university is committed to affirmative 
action. Inquiries should be directed to John 
F. Schweiss, MD, Chairman, Department 
of Anesthesiology, St. Louis University 
School of Medicine, 3635 Vista Avenue at 
Grand Boulevard, St. Louis, MO 63110- 
0250; telephone (314) 577-8750. 

772}/C 


PEDIATRIC ANESTHESIOLOGY FACULTY 

Section of Pediatric Anesthesiology at the 
University of Michigan Medical School is 
seeking an additional faculty member. The 
Section provides anesthesia for a surgical 
caseload of 6000 cases/year, 50% of which 
are outpatients. All pediatric surg-cal sub- 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available classi- 
fied advertising space for those interested in 
obtaining positions or ing to announce 
meetings, uate courses, or other perti- 
nent events, We require that all advertisements 
be relevant to the practice of anesthesia and 
analgesia, and we reserve the right to refuse 
advertisements that are not relevant. 
Specifications. Ads should be 
letterhead stati ; the text P 


written on 
be deuble- 


spaced, with the title or key hrase typed in 
capital letters. Enclose two photoco 


pies with 
each ad. lay $ (minimum e) is 
available rie Geel mum 4 pago) 
440 Park Avenue South, 14th res New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
685-6126 
Rates. Ads cost $1.50 per word per Insertion, 
with a minimum of 20 words. Abbreviations, 
dates, initials, post office box numbers, tele- 
phone numbers, years, and zip codes are con- 
sidered one word each. There is an additional 
fee of $18.00 
Payment. payment or institutional pur- 
chase order must accompany the copy for gach 
ad. Ads received without a check or purchase 
order will be returned. lento checks payable to 
Elsevier Science discon Company, inc.) 
Deadline. Copy received 7 wreks 
before pablon, date (i (i.e., by January 1 athe the 
issue); multiple insertion ads are wel- 
come. Ads may run up to 6 months per pur- 
chase ordex/pa t. Please specify in waich 
arr your a advertisement is to pi? pa 
d a ents, and correspon- 
dence to: vine eee eb see ed 
Ads, Desk Editorial, Elsevier Science Publishing 
Co., Inc., 655 Avenue of the Americas, New 
York, NY 10010. 
“When responding to a box number ad, in- 
clude the box number on all correspondence. 





- “St: 


a 


ANESTH ANALG 
1992;74:A50-4 


specialties are represented, with an active 
pediatric cardiac surgery program of over 
500 cases/year. An expanding pediatric 
pain is currently being developed. 
Candidates should be BE/BC with a fellow- 
ship in pediatric anesthesiology. Appoint- 
ments can be from the Lecturer to the 
Professor level in either the clinical or aca- 
demic track, depending on qualifications 
and experience. Resources are available for 
faculty to participate in clinical and labora- 
tory research. Interested candidates should 
apply to Niall Wilton, MD, Chief, Section 
of Pediatric Anesthesiology, C-4139, Med 


Inn Bridge, Box 0800, University of Michi- 


gan Medical Center, Ann Arbor, MI 48109- 
0800 (FAX 313-936-9091). The University of 
Michigan is a nondiscriminatory, Affirma- 
tive Action/Equal Opportunity Employer. 
7783/1 


ILLINOIS 
Large, well-established, single-specialty 
group of anesthesiologists seeks additional 
BC/BE anesthesiologists. Challenging op- 
portunity for those interested in a broad- 
based practice. All surgical subspecialties 
represented with coverage at three hospi- 
tals and two day-surgery facilities. Excel- 
lent benefits with early partnership. Please 
send CV to Associated Anesthesiologists, 
S.C., 5401 North Knoxville, Suite #49, Peo- 
ria, IL 64614. 

785K/F 


LOUISIANA STATE UNIVERSITY MEDICAL 
CENTER—SHREVEPORT 
Faculty positions available for board certified/ 
eligible anesthesiologists. Duties include pa- 
tient care, resident and student teaching, 
supervision of CRNAs, research, and admin- 
istrative responsibilities. Faculty rank and 
commensurate with experience. 
Please send curriculum vitae and names of 
three references to D. Richard Davis, I, MD, 
Associate Professor and Chairman, - 
ment of Anesthesiology, LSU Medical 
Center-Shreveport, 1501 Kings Highway, 
Shreveport, LA 71130-3932. We are an Equal 


_ Opportunity/Affirmative Action Employer. 


788K/D 


TWO PEDIATRIC ANESTHESIOLOGISTS 
Virginia Coast—needed to join MD/CRNA 
staff of university-affiliated children’s hos- 


_pital serving a diverse regional population. 


Fellowship or experience in pediatric anes- 
thesia and b certification or eligibility 
required. Full spectrum of surgery. Re- 
sponsibilities include clinical anesthesia 
and resident/CRNA education and supervi- 
sion. Superb location on southeastern Vir- 
ginia coast within easy access to beaches, 
mountains, and Washington, D.C. Salary 
commensurate with training and experi- 
ence, complemented by an excellent benefit 
package. For more information contact 
James Mayhew, MD, Pediatric Anesthesi- 
ology, Room 315, Children’s Hospital of 


The King’s Daughters, 800 West Olney 
Road, Norfolk, VA 23507. AA/EOE. 
821L/E 


Immediate positions available for part-time 
anesthesiologists, Monday through Friday, 
7:00 AM to 4:00 pM (no call), to join a group 
of 18 anesthesiologists and 8 CRNAs in 
northwestern Indiana, 30 minutes from 
downtown Chicago. Send curriculum vitae 
to Box 825L/C. 

825L/C 


MICHIGAN 
Recently trained BE/BC anesthesiologist 
wanted to join active practice in busy 127- 
bed hospital. Wide variety of cases. Very 
friendly atmosphere. Recreationally ori- 
ented Lake Michigan community. Compet- 
itive salary package with future partnership 
will wait for right person. Inquiries to: 
Jeffrey Kommit, DO, P.O. Box 517, Grand 
Haven, MI 49417. 

830L/C 


MAINE - NEEDED - ANESTHESIOLOGIST 
To join 5-anesthesiologists, 10-CRNA 
group doing wide range of surgeries at two 
community hospitals. No open heart. Pic- 
turesque central Maine location near lakes, 
mountains, and ocean. Referral area of 
75,000+. Competitive compensation pack- 
age. Contact Jill Gilbert at (207) 872-1136 or 
send CV to Waterville Anesthesia Associ- 
ates, 44 Main Street, Waterville, ME 04901. 
828L/C 


PRIVATE PRACTICE OPPORTUNITY 
For fellowship-trained MDA interested and 
experienced in acute and chronic pain man- 
agement. Currently seeing greater than 600 
chronic pain patients per month in hospi- 
tal-based practice. Send CV and three ref- 
erences to Diana Bird, c/o Medaphis, 3212 
West End Avenue, Suite 500, Nashville, TN 
37203. 

837A/F 


ANESTHESIOLOGIST WANTED 

BC/BE for progressive community hospital 

in central Massachusetts. Convenient to ski 

and surf. Competitive salary leading to 

early partnership. Reply to Box 839A/C. 
839A/C 


PENNSYLVANIA 
Third anesthesiologist needed for 170-bed 
hospital in city of 50,000 near major univer- 
sity. Six CRNAs. 4000 cases. No open 
heart, minimal neuro. Must be able to fit 
into relatively low-stress practice. Send CV 
to Michael Clark, MD, Director of Anesthe- 
siology, Mercy Hospital, 2500 Seventh Av- 
enue, Altoona, PA 16602-2099. 

840A/C 


CLASSIFIED ADS . A51 


The Department of Anesthesiology at 
Duke University Medical Center is seek- 
ing qualified full-time faculty for positions 
in the following categories: CHIEF, VA 
ANESTHESIOLOGY SERVICE—We are 
seeking an academic faculty candidate to 
direct a busy, well-established division of 
the Department and to enhance our grow- 
ing clinical, teaching, and research pro- 
grams at the Durham VA Medical Center. 
This 450-bed university-affiliated VA per- 
forms 3300 surgical procedures per year, 
including 175 cardiac cases, with statewide 
VA referral of brain tumor surgery, hip and 
knee replacement, and renal transplanta- 
tion. The Anesthesiology Service provides 
care in nine operating rooms, a nine-bed 
PACU, eight-bed SICU, and a large Pain 
Clinic. CRITICAL CARE MEDICINE—We 
are seeking individuals who are ABA certi- 
fied or board eligible in critical care medi- 
cine, for the position of Co-Director, SICU 
at the Durham VA Medical Center (where a 
new ICU tower is under construction) 
and/or as critical care faculty in the SICU at 
Duke University Medical Center. Faculty 
will play an essential role in the coordina- 
tion of care in a multidisciplinary consult- 
ing service and in the development of an 
interdisciplinary Critical Care Fellowship 
program. NEUROANESTHESIA—We are 
seeking an academic faculty candidate 
trained in neurosurgical anesthesia to join a 
developing neuroanesthesia section. This 
opportunity requires a candidate with a 
primary interest in investigative research 
and teaching. A new spacious neuroscience 
facility at Duke fosters interdisciplinary re- 
lationships with neuropharmacology, neu- 
roradiology, neurobiology, and neurology. 
The neuroscience program at Duke Univer- 
sity is one of the five developing centers of 
excellence at this nationally prominent 
University. PEDIATRIC ANESTHESIOLO- 
GISTANTENSIVIST—Applicants for this 
position should have formal training be- 
yond the 3-year continuum in the subspe- 
cialties of pediatric anesthesia and/or criti- 
cal care or have recognized skills in lieu of 
normal fellowship training. VASCULAR 
THORACIC AND REGIONAL ANESTHE- 
SIA—Applicants for this position should 
have formal training beyond the 3-year 
continuum. We are seeking individuals 
with a primary interest in a teaching pro- 
gram, established clinical research inter- 
ests, and experience in vascular thoracic 
anesthesia. Applicants for this position 
should be experienced in setting up a re- 
gional anesthesia block program for Resi- 
dents in Training. Faculty candidates for all 
of the above positions must have a strong 
desire to conduct clinical research and 
teaching, in addition to clinical expertise. 
Academic titles and compensation for these 
positions will be commensurate with expe- 
rience and credentials in education, clinical 
service, and research. Candidates must be 
board certified or equivalent and eligible for 
an unrestricted North Carolina medical li- 
cense. Send letter of application and curric- 
ulum vitae to J. G. Reves, MD, Box 3034, 
Duke University Medical Center, Durham, 


A52 CLASSIFIED ADS 


NC 27710. Duke University is an EO/AA 
Employer. 
845B/D 


CALIFORNIA REDWOODS 
Half-time position on Coast 4 hours north 
of San Francisco. Beautiful scenery, mild 
climate, great fishing, relaxed lifestyle, 
family-oriented community. Small hospi- 
tal, agreeable medical staff. Ideal for the 
physician who wishes a steady income 
while enjoying blocks of free time to pursue 
other interests. For details, contact J. Rus- 
sell, MD, P.O. Box 608, Fortuna, CA 95540, 
or call (707) 725-2833, (707) 725-3361. 
847B/D 





CALIFORNIA 
Los Angeles County Harbor-UCLA Medi- 
cal Center, Department of Anesthesiology. 
Opening in faculty position at the rank of 
assistant professor. Desire recent graduate 
of anesthesiology fellowship with research 
training. Board eligible or certified. Active 
clinical services, research, and independent 
residency program. Excellent South Bay 
area location. Ample academic career op- 
portunities with joint UCLA and LA 
County appointments. Competitive com- 
pensations. Send CV and list of references 
to Chingmuh Lee, MD, Professor and 
Chairman, Department of Anesthesiology, 
Harbor-UCLA Medical Center, 1000 West 
Carson Street, Torrance, CA 90509. An 
Equal Opportunity Employer. 

848BC 





PAIN FELLOWSHIP 
Available for 6 or 12 months beginning July 
1, 1992, and January 1993. Primary empha- 
sis on acute postoperative pain, regional 
anesthesia, and oncological pain. “State of 
the art” acute pain service. No OR or OB 
night calls. Please send CV to Sanford L. 
Klein, DDS, MD, Chairman, Department of 
Anesthesia, University of Medicine & Den- 
istry of New Jersey—Robert Wood 
Johnson Medical School, CN-19, New 
Brunswick, NJ 08903-0019. The UMDNJ is 
an Affirmative Action/Equal Employment 
Opportunity Employer, m/ffh/v, and a 
member of the University Health System of 
New Jersey. 

849BC 





ANESTHESIOLOGIST 
Progressive, young, and expanding MD/ 
CRNA group in suburban Kansas City, 
Missouri hospital is seeking BE/BC associ- 
ate. Pain fellowship and/or interest in pain 
management desirable but not mandatory. 
Send CV to Don Adamson, P.O. Box 10370, 
Kansas City, MO 64111. 

850BC 





CALIFORNIA 
An outstanding opportunity exists for you 
to join a successful Anesthesia Depart- 


ment, Located in a growing community 
hospital within easy reach of the San Fran- 
cisco Bay area, the Pacific Coast, Yosemite, 
and Sequoia National Parks. The Hospital 
is offering an attractive compensation and 
benefits package including a competitive 
salary base, productivity incentives, and all 
insurances. Interview and relocation ex- 
penses are also being offered. Call Mike 
Stakebake, 1-800-327-1585, Ext. 107. 
851BC 


UNIVERSITY OF CALIFORNIA, SAN 
FRANCISCO 
Department of Anesthesia seeks candidates 
at the Assistant or Associate Professor level 
for teaching, research, and clinical respon- 
sibilities at the Veterans Administration 
Hospital in San Francisco. Duties include 
patient care, resident and student teaching, 
research or specialized clinical activity, and 
administrative responsibilities. Special ar- 
eas of interest may include any aspect of 
anesthesia. Individuals with clinical and 
research expertise in pain management, 
neurosurgical anesthesia, or intensive care 
are actively sought. Ongoing peer-review 
funded research programs at this institu- 
tion include (a) studies of perioperative 
myocardial ischemia, (b) basic coronary 
physiology studies, and (c) studies of the 
mechanism of anesthetic action and metab- 
olism. Applicants interested in contributing 
to one of these active research groups are 
also sought. Board certification or board 
eligibility in anesthesiology is required. The 
University of California is an Equal Oppor- 
tunity Affirmative Action Emplover. Please 
forward curriculum vitae and three refer- 
ences to: Ronald D. Miller, MD, Professor 
and Chairman, Department of Anesthesia 
UCSF, 521 Parnassus Avenue, Box 0648, 
Room C-455, San Francisco, CA 94143- 
0648. 

852BC 


TENNESSEE 
Expanding department requires additional 
anesthesiologists. Full-time positions avail- 
able at levels of Instructor to Associate 
Professor with emphasis on teaching, 
patient care, and clinical research. Pre- 
requisites: (1) Meet Tennessee license 
requirements. (2) ABA diplomat or eligible 
for ABA examination. All subspecialties 
needed. Excellent opportunity for anesthe- 
siologists who want an ideal mix of private 
practice with teaching and clinical research. 
Send curriculum vitae, bibliography, and 
the names and addresses of three refer- 
ences to Roger S. Cicala, MD, Department 
of Anesthesiology, University of Tennes- 
see, Memphis, 800 Madison Avenue, Mem- 
phis, TN 38163. The University of Tennes- 
see is an Equal Opportunity Employer/ 
Affirmative Action Register/Title [X/Section 
504 Employer. 

853B/D 
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PROFESSOR/ASSOCIATE PROFESSOR 
Department of Anesthesiology, Loyola 
University Stritch School of Medicine in- 
vites applications for Chief of Anesthesia at 
VA Hines Affiliated Hospital. Administra- 
tive experience and academic excellence are 
a must. This position reports to the Chair- 
man of the Department of Anesthesiology 
at Loyola University. Opportunities to do 
clinical and basic research. Desire to partic- 
ipate in teaching residents necessary. Ex- 
cellent opportunity as a stepping stone to 
become a chairperson. Competitive salary 
and benefits with nonclinical time for aca- 
demic/administrative growth. Send CV to 
Ms. Cindy Shipyor, Administrative Direc- 
tor, Loyola University Medical Center, 2160 
South First Avenue, Maywood, IL 60153. 
Loyola University Medical Center is an 
Equal Opportunity Employer. 

854BC 


ASSOCIATE PROFESSOR/PROFESSOR 

The Department of Anesthesiology at Loy- 
ola University Stritch School of Medicine, 
Maywood, Illinois, is recruiting an Associ- 
ate Director, Pain Control Center, who 
should be a board-certified anesthesiolo- 
gist. Prerequisites include experience in 
chronic and acute pain management and 
academic experience to warrant initial ap- 
pointment as Associate Professor. Excellent 
clinical and basic research opportunities 
are available. Please reply with CV to 
Tadikonda L. K. Rao, MD, Professor and 
Chairman, Department of Anesthesiology, 
Loyola University Medical Center, 2160 
South First Avenue, Maywood, IL 60153. 
Loyola University Medical Center is an 
Equal Opportunity Employer. 





FELLOWSHIP—PEDIATRIC CARDIAC 
ANESTHESIA 
Applications are being accepted for a 12- 
month academic fellowship (CA-4) starting 
in July 1991 and thereafter. Clinical training 
on dedicated service with 1000 cardiac OR 
and 400 Cath Lab cases per year. Research 
training for up to 6 months included. Ad- 
dress correspondence with CV to Paul R. 
Hickey, MD, Cardiac Anesthesia Service, 
Children’s Hospital, 300 Longwood Ave- 
nue, Boston, MA 02115. 

667EGIKAC 


ANESTHESIOLOGISTS 

Temple University School of Medicine has 
full-time faculty positions available for 
board-eligible anesthesiologists with train- 
ing in a subspecialty area (cardiac anesthe- 
sia, critical care, and/or pain). Faculty rank 
will be commensurate with experience. Du- 
ties include patient care, teaching, and re- 
search. Send curriculum vitae to Christer 
Carlsson, MD, PhD, Chairman, Depart- 
ment of Anesthesiology, Temple Univer- 
sity School of Medicine, Broad arid Ontario 
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Streets, Philadelphia, PA 19140. An Equal 
Opportunity/Affirmative Action Employer. 
856CD 


Anesthesiologists needed at instructor and 
assistant professor levels. Must be board 
certified or board eligible. Duties include 
patient care, resident and medical student 
teaching, and research. Positions available 
at the University of Missouri-Columbia 
Health Sciences Center. Interested appli- 
cants send curriculum vitae to G.W.N. 
Eggers, Jr, MD, Professor and Chairman, 
Department of Anesthesiology, University 
of Missouri Health Sciences Center, Co- 
lumbia, MO 65212. An Equal Opportunity/ 
Affirmative Action Employer. 

857C 


ANESTHESIOLOGIST 
Department of Anesthesiology at the 


SUNY Health Science Center in Syracuse, 
N.Y. is recruiting faculty at the instructor, 
assistant, and associate professor levels. 
Qualified individuals with a strong aca- 
demic commitment in all types of anesthe- 
sia, critical care, and pain management are 
sought. SUNY Health Science Center is a 
tertiary-care center and provides clinical 
services also to the Syracuse Veterans Ad- 
ministration Hospital. Rank and salary are 
commensurate with experience. Must be 
board certified or board eligible and pos- 
sess a New York State medical license. 
Please send letter, curriculum vitae, and 
names, addresses, and phone numbers of 
three references to Enrico M. Camporesi, 
MD, Professor and Chairman, Department 
of Anesthesiology, SUNY Health Science 
Center, Syracuse, NY 13210. The State Uni- 
versity of New York Health Science Center 
is an Equal Opportunity/AA Employer. 
858C/E 


ARIZONA 
Immediate opening for a BC/BE anesthesi- 
ologist to work 2 weeks each month in a 
well-equipped community hospital. The 
hospital is located in a beautiful resort and 
retirement area not far from the city. The 
position involves alternating with the 
present anesthesiologist in supervising 
CRNAs for routine cases with no pain, OB, 
cardiovascular, or neurosurgery. The com- 
pensation could be either salaried or based 
on a percentage and should be about 100- 
130K. Send resume and letter in confidence 
to P.O. Box 245, Sedona, AZ 86336. 

859C 


IOWA, SIOUX CITY—ANESTHESIOLOGISTS 
Multiservice trauma hospital anesthesia 
practice expanding, two full-time positions 
available. University affiliated. Practice 
includes CRNA supervision and doing 
some cases. Minimal pediatrics and obstet- 
rics. Active trauma, CV, and neuro prac- 


tice. Board eligibility/certification desirable. 
Competitive remuneration including pro- 
fessional liability and disability insurances. 
A growing Premier Anesthesia practice. 
Send CV to Jerry H. Titel, MD, Chairman, 
Department of Anesthesia, 801 5th Street, 
Sioux City, IA 51101. 

860C 


UCSF PEDIATRIC ANESTHESIOLOGY 
FELLOWSHIP 
The Departments of Anesthesiology at the 
University of California, San Francisco and 
Children’s Hospital of Northern California, 
Oakland, California, are jointly offering 
two l-year clinical fellowship positions 
(CA-4) in pediatric anesthesiology begin- 
ning in July 1992. The fellowship will in- 
clude extensive operating room experience 
in all pediatric subspecialties in both insti- 
tutions and critical care medicine exposure 
for neonates, older infants, and children. 
The fellows will spend 6 months in each 
institution. Send inquiries to Mark Rosen, 
MD, Director, Anesthesia Training Pro- 
grams, c/o Dolores Scholz, Department of 
Anesthesia, 5-455, University of California, 
San Francisco, San Francisco, CA 94143- 
0464. 

861CD 


Full-time anesthesiologists needed to join 
expanding M.D.A. group at 219-bed 
Healthsouth Medical Center in Birming- 
ham, Alabama. Approximately 70% of sur- 
gery is orthopedic by world-renown sur- 
geons. No hearts and no obstetrics. We 
have active and rapidly expanding pain 
service. Anesthesiologist needed to partic- 
ipate in pain service and/or supervise 
CRNAs in OR. Many attractive residential 
areas and good schools within short drive 
of hospital. Rapid partnership opportunity. 
Please respond to Anesthesia Services of 
Birmingham, P.C., P.O. Box 530590, Bir- 
mingham, AL 35253-0590, Attn: Adminis- 
trator. 

862C 


CARDIAC ANESTHESIOLOGY FELLOWSHIP 
CA-3 and CA-4 fellowship positions avail- 
able starting July 1992. Full spectrum adult 
cardiac surgery. Opportunity for extensive 
training in invasive monitoring and trans- 
esophageal echocardiography. Research 
opportunities in cardiac pharmacology, 
physiology, and TEE. Please contact 
Z. Hillel, MD, PhD, Director, Cardiac An- 
esthesia, St. Luke’s/Roosevelt Hospital, 
Amsterdam Avenue at 114th Street, New 
York, NY 10025. 

863C/E 


RESIDENCY IN ANESTHESIOLOGY 

The Department of Anesthesiology and 
Critical Care Medicine at the University of 
New Mexico School of Medicine is expand- 
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ing its residency program. Qualified appli- 
cants for the CA-1 to CA-3 levels starting 
July 1992 are invited to write to Director of 
Education, Department of Anesthesiology, 
UNM School of Medicine, Albuquerque, 
NM 87131-5216. The University of New 
Mexico is an Equal Opportunity Employer. 
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UCLA—DEPARTMENT OF 
ANESTHESIOLOGY 
LIVER TRANSPLANT FELLOWSHIP—De- 
partment of Anesthesiology, UCLA School 
of Medicine, active transplant service (200 
transplants/year). Clinical and/or bench re- 
search depending on applicant’s qualifica- 
tions. Address inquiries to Marie Csete 
Prager, MD, UCLA Department of Anes- 
thesiology, 10833 Le Conte Avenue, Los 
Angeles, CA 90024-1778. Equal Employ- 
ment Opportunity (M/F) Employer. 
865C/E 


ACTIVE PAIN MANAGEMENT CLINIC 
PRACTICE 
Anesthesiologist director. Located Central 
California Coast. Fully equipped including 
cryoanalgesia, cardioscope, pulse oximeter, 
defibrillator, and office business machines. 
Three hospitals in area. Will introduce. Call 
(408) 625-2386. 

866CD 


ANESTHESIOLOGIST/FLORIDA 
Excellent starting opportunity, immediate 
opening. Growing 100-bed hospital in sub- 
urban community, 30 minutes north of 
Tampa Bay. Good salary, benefits, partner- 
ship in 2 years. P.O. Box 1166, Dade City, 
FL 33525. (813) 788-0411, Ext. 2315 or (813) 
782-0285. 
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CALIFORNIA 
Anesthesiologist needed for Palm Springs 
group practice. Resort community. All 
types of anesthesia except hearts and 
trauma. Excellent compensation package 
leading to partnership. Please send CV to 
Director of Anesthesiology, 73-925 High- 
way 111, #L, Palm Desert, CA 92260. 
868C 


ANESTHESIA: UNIVERSITY OF IOWA 

FACULTY POSITIONS AT ALL RANKS 

Excellent research facilities. Senior advice/ 
consultation readily available. Must be 
board certified or in the examination pro- 
cess, eligible for Iowa medical licensure. 
University of lowa and VAMC dual ap- 
pointment possible. Submit curriculum vi- 
tae to John H. Tinker, MD, Professor and 
Head, Department of Anesthesia, Univer- 
sity of lowa College of Medicine, lowa City, 
IA 52242. The University of lowa and Vet- 
erans Administration Medical Center are 
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Equal Opportunity/Affirmative Action Em- 
ployers. 
869C 





FELLOWSHIP—OBSTETRIC ANESTHESIA 
Applications are being accepted for a 12- 
month academic fellowship (CA-4), start- 
ing on or about July 1992. Clinical training 
on dedicated service with 5000 obstetric 
deliveries, many in the “high risk” cate- 
gory. Clinical and animal research training 
included. Equal Opportunity Employer. 
Send CV to M. Finster, MD, Department of 
Anesthesiology, | Columbia-Presbyterian 
Medical Center, 622 West 168th Street, 
New York, NY 10032. 
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MARYLAND 
A well-respected, 4-MDA, 9-CRNA group 
seeks an experienced anesthesiologist to 
join them in practice. Affiliate with a pro- 
gressive 200-bed regional referral center 
known for its comprehensive medical serv- 
ices, with the exception of open heart sur- 
gery. With a 35% increase in caseload over 
the last 2 years and continued increases 
expected, an incoming physician can ex- 
pect rapid start-up time with a diversified 
caseload. Salary, benefits, and bonuses di- 
vided equally from day one. Partnership 
and pension after 12 months. Located in 
scenic Allegany mountains of western 
Maryland with easy access to the tremen- 
dous amenities offered by the Baltimore, 
Washington, and Pittsburgh areas. A 
sportsman’s paradise, this area offers ski- 
ing, white water rafting, numerous state 
parks and large lakes, a nearby state uni- 
versity, superb housing values, and calm- 
ing lifestyle. Contact Janice Schultz or Mary 
Wynkoop, Tyler and Company, 9040 
Roswell Road, Suite 550, Atlanta, GA 
30350. FAX CV to (404) 641-6414, or call 
(800) 333-3910 or (404) 641-6410. 
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The Department of Anesthesiology at the 
University of Texas Medical School in 
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Houston is recruiting faculty at assistant 
professor, associate professor, and profes- 
sor levels. Applicants must be board certi- 
fied or board eligible and able to obtain a 
Texas medical license. The faculty positions 
include responsibilities for teaching, super- 
vising and providing patient care, and par- 
ticipation in clinical or laboratory research 
and administrative functions of the depart- 
ment. The department has significant and 
expanding responsibilities in the areas of 
pain management, obstetrical anesthesia, 
neuroanesthesia, cardiac and vascular an- 
esthesia, and hyperbaric medicine. Inter- 
ested individuals should send a copy of 
curriculum vitae and names, addresses, 
phone numbers, and permission to contact 
three reference sources. Information 
should be sent to Alan S. Tonnesen, MD, 
Acting Chairman, Department of Anesthe- 
siology, University of Texas Medical 
School, 6431 Fannin, Houston, TX 77030. 
The University of Texas is an equal oppor- 
tunity employer. Women and minorities 
are encouraged to apply. 

873C/H 


WASHINGTON, D.C. 
Positions available immediately and during 
the next year for full-time BE/BC anesthesi- 
ologists to join a growing MD/CRNA prac- 
tice. Large ambulatory and challenging ter- 
tiary care caseload including all specialties 
except Pediatrics at University-affiliated 
hospital. Reasonable call schedule with 
competitive compensation package and 
partnership after one year. Send or fax CV 
to Barney S.H. Feinstein, MD, Chairman, 
Department of Anesthesia, Washington 
Hospital Center, 110 Irving Street, NW, 
Washington, DC 20010; Fax number (202) 
877-5564 or call collect (202) 877-7500. 
872CEGIK 


DON’T PROCRASTINATE. 
Prepare early for the ITE/written boards. 
Unique study program with practice ques- 
tions and answers with explanations, 
guessing techniques, Keywords 1991, and 
much more. Call the original MEDTEXT: 
1-800-695-6301; 24 hours. MC/V accepted. 
757UG 
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TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS 
The unique feature of these programs is the 
maximum class size of four students. Prep- 
aration for the written and oral exams are 
given separately in 3-day blocks in San 
Francisco and New York. FOR THE WRIT- 
TENS, techniques are taught for dealing 
with the multiple-choice questions. The ba- 
sic sciences are stressed. FOR THE ORALS, 
the guided case discussions are stressed. 
Home study programs are provided. CALL 
(415) 321-1117. 
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Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 
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J. STEPHENS MAYHUGH AND 
ASSOCIATES, INC. LOCUM TENENS 
ANESTHESIA SERVICES 

Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. = 
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A WEEKEND OF MOCK ORAL EXAMS 
Mock orals, not lectures. We are the origi- 
nal course in this format. 20 hours category 
I CME credit, two board-certified instruc- 
tors, 12 students maximum. Dallas, March 
6-8. ANESTHESIA EXAM REVIEW, 7128 
Regents Park, Toledo, OH 43617. (419) 843- 
4480 or (813) 394-8780. 
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